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HARDENING FURNACE 
DRAW FURNACE 


QUENCH 


NO REJECTS IN 6 MONTHS! 


direct-fired automatic furnace line 
handies over 3,000 Ibs./hr. 
of varied production 


Let's repeat that. Not a reject in 6 months—even when customers requested 
more uniform microstructures in steel forgings, and faster delivery, from this 
big job shop. In addition, they achieved lower unit, operating, and labor costs 
with more versatile production . .. all in their “Surface’-built automatic heat 
treat line. This line is a fine example of the advantages of ‘Surface’ direct-fired 
furnaces and furnace equipment: 


UNIFORM QUALITY. Brinell readings on samples from the hardening and draw 
furnaces have been extremely consistent with close tolerances. 

HIGH PRODUCTION. Actual production rate has been as high as 3,600 Ibs. /hr. 
of work, heated from cold to 1550F—even better than design capacity 
LOW OPERATING Cost. Combustion efficiency stems from ‘Surface’ automatic 
proportioning, one-valve burners. 

Low Lasor cost. [he photo shows part of the conveyor system which enables 


one man to run the whole line. Formerly, the job required 3 men. 


The high-temperature convection draw furnace on this line has an operating 
range of 800-1350F, permitting processing of steels ranging from SAE 1041 to 
SAE 8640, 

Write for Literature H54-1; see how these “work-horse” furnaces can pay 
off for you. 


SURFACE COMBUSTION CORPORATION 


aso makers OF Jfetheber wumioity conoitioninc  ,Jlamftreld’ ayromatic space HEATING 
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Cover Design by Steve Novak 
Engineering Articles 
Fatigue and the Comet Disasters, by Tom Bishop 
The British inquiry into the cause of disasters to jet prope lled air liners will doubtless 
remain a classic for all investigators of structural failures, It appears probable that, at 
a high altitude, a tiny fatigue crack initiated catastrophic failure of the cabin wall and 
the pressurized cabin literally exploded 
Cast Bolts for Pipe Joints, by C. K. Donoho 
Cast bolts are mass produced in metal molds with short cycle annealing: wuts are era 
iron shell molded They combine good mechanical prope rties and corrosion resistance 
Arc-Cast Molybdenum — Ingot to Bar, Sheet or Wire, by N. L. Deuble 


lot ingots are covered with slippe ry molten oxide and extrusion is better than forging 
for initial reductions. Further rolling to bars and sheet, hot swaging to 


rod, and hot 
drawing in diamond dies give little difficulty 


Electroplating on Aluminum, by R. F. Hafer 
Aluminum plated with most of the common metals is being put t 
hardware, electrical equipment and jewelry. Careful surface 


oO mocre 


prepa ition 
obtain sound and adherent electrodeposits 


\ High-Resolution Metallograph for Elevated Temperatures, 
by J. E. Jenkins, D. R. Buchele and R. A. Long 
\ microscope hot stage and a spec ial objective of reflecting elements with a k 


ing distance and a high numerical iperture to give maximum resolving powe 


I 
A Microscope Hot Stage, by H. A. Saller, R. F. Dickerson and R. J. Carlson 


\ compact unit for studving structural change s in metals at te mperature un to TSOO 
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ime muum tem 


FF. De scription covers vacuum furnace optic al group, c ld tray 
Welding Cracks in Columbium-Bearing Stainless Steel 

Cracks encountered in stabilized stainless steel weldments once plagued the Atomic 
Energy Commission and its supplier Modifications in welding ! 


rod and hase metal 
ind improved welding techniques have considerably reduced thei; 


OCCUITOCTICE 


Lubricants for Titanium, by Ernest Rabinowicz and E. P. Kingsbury 


Clean titanium rubbing surfaces show high friction and 


wear, and lubricants whicl 


ire successful for ordinary machine components are ineffective. Certain long-chain 


hydrocarbons with active atomic groupings attached along the chain are best 


Hydrogen Embrittlement of Titanium Alloys, Report of an Investigation by Harris M. Burte 
Eugene F. Erbin, George T. Hahn, Ralph J. Kotfila, John W. Seeger and Donald A. Wruck 
Premature failure of titanium aircraft engine parts was blamed on high hwdrogen 


content. “Hydrogen embrittlement” has been observed at levels as low as 150 ppm 
Producers are changing processes so as to meet Air Force recommendations of 125 


ppm maximum 
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APPLICATION ENGINEERING AT WORK 


specify THERMALLOY 
FURNACE 


CONVEYOR BELTS 


for heavier loads at high heat 


55” wide on bearing centers of 32’, this new fur- 
nace conveyor belt at Commonwealth Industries, 
Inc., Detroit, carries over 35 lbs. per sq. ft. in nor- 
mal service. At times, a total of 5,000 Ibs. and more 
is loaded on the belt. And it's versatile! Work 
ranges from 2 lb. to 100 Ibs. per piece, temper- 
atures up to 1650", 

Here was the problem. Commonwealth, modern 
commercial heat-treater for the automotive indus- 
try, needed a belt which could carry small and 
large parts to be heat-treated, in volume. They 
asked Electro-Alloys to help. Starting with the 
Thermalloy heavy-duty belt design, Electro-Alloys 
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heavy-duty conveyor belt installations 


engineers designed special side links to keep the 
small work from rolling off into the furnace 
bed. The results have been higher production 
at less cost for Commonwealth, and another 
successful case history of Thermalloy applica- 
tion engineering at work. 

Our permanent staff of engineers is ready to 
help you design, improve or modernize the alloy 
in your heat-treating installations. Thermalloy 
heat-resistant alloys are cast for many furnace 
and other heat-treat applications. Write us in 
Elyria, Ohio, for Conveyor Belt Bulletin T-241, or 


call any of the sales offices listed below. 
*Reg. U.S. Pat. OF8.~7 


ELECTRO-ALLOYS DIVISION 


6002 TAYLOR ST., ELYRIA, OHIO 


Sales offices in: Los Angeles, Oakland, Chicago, Detroit 
New York, Cleveland, Toledo, Philadelphia, Pittsburgh 
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Metal Progress Contents Continued 


Critical Points 

In Defense of Metal is 
Comet disasters were not due to poor metal — as implied by finding fatigue cracks in 
the fuselage — but to designing too close to the safe limit. 

Wonder Metal Re-Viewed 


The price of titanium has restricted its use to military applic ations. Can the cost be 
reduced to make it commercially attractive? 


The Atomic Age 
Fall-Out From an H-Bomb; from a statement by Lewis L. Strauss 


Fall-out from the Nevada tests is not dangerous, but large nuclear sare could create 
a serious fall-out hazard to civilian populations outside the target zones in large areas 


Book Review 
Science for the Casting Art, by Harold J. Roast. . 


“Non-Ferrous Foundry Metallurgy”, edited by A. J. Murphy provides a sound 
scientific basis for the ancient art of casting 








Data Sheet 
Hardenability Bands for Standard H-Steels, 8617-H to 8660-H 


Fifth of a series of eight sheets translating into simplified chart form the harde nability 
curves and data issued by the American Iron and Steel Institute 


Digests of Important Articles 
British Preferences for Metals in Refinery Equipment 
Weldability, corrosion resistance and creep resistance are some of the requirements 
Symposium on Stress-Corrosion, by W. D. Robertson 
Resumes of papers presented before the Electrochemical Society last fall 
High Temperatures Reveal Structure of Grains 
Heating in vacuum reveals that. metal grains consist of anall crystalline blocks 
Staining of Alclad Sheets Treated in Salt Baths. 
Various precautions can be taken to prevent the bath from becoming too alkaline 
Effect of Beryllium Alloying Additions 


Small additions increase strength and hi wiles “88 of copper-base alloys without impairing 
electrical conductivity or corrosion resistance 


Air Gaging as a Measurement Tool 

Measuring dimensions, flatness, squareness, concentricity, out-of-round and surface finish 
Cracking in Steel Related to Temperature Changes 

Quench tests verified that cracking can result from abrupt temperature changes 
Heat-Affected Zone in Arc Welded Type 437. 

Precise correlations were made of properties and microstructure 
Contaminants in Arc Welding Titanium 

Effect of oxygen, nitrogen, air and water vapor in the shielding atmosphere 
Causes of Catalytic Corrosion. 


Local overheating was ae out as the leading cause, and three other possibilities 
sugge sted. 
Corrosion of Aluminum Alloys...... 


Iwo alloys exposed for two years in Siem locations showed no decrease in tensile 

stre ngth or increased corrosion for stressed s: ample s 
Weldability of Low-Alloy Vanadium Steels... . 

Substitution of vanadium for molybdenum in two high-tensile steels increased yield 

strength without impairing weldability. 
Departments 
As I Was Saying, by Bill Eisenman 5 
Personals Matus ; 122 
Engineering Digests of New Products. 13 
Manufacturers’ Literature . 25 
Advertisers’ Index.... 208 
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HOW TO MAKE RING-SHAPED TOOL 
STEEL PARTS FASTER AND EASIER 


FORMING BLANKING 
AND PIERCING DIE AND FORMING DIE 
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New GRAPH-MO HOLLOW-BAR* 
eliminates drilling — 
and machines 30% faster 


OU can eliminate the time-consuming drilling operation when 

you make ring-shaped tool steel parts from Graph-Mo Hollow- 
Bar®. The hole comes ready-made. First step is finish boring. There's 
less scrap, and you use less steel. 

On top of that, the rest of the machining’s faster—30& faster, com 
pared to other tool steels. That's because — has free graphite 
in its structure. It means less tendency to pick up, scuff and gall, too. 

That same graphite plus diamond-hard carbides give Graph-Mo 

Graph-Mo Hollow-Bar comes in sizes amazing wear resistance. Users have written us that Graph-Mo out 
from 4 to 16 inches O. D. with various wears other tool steels, on the average, three to one! 

wall thicknesses. Immediate delivery on Graph-Mo responds uniformly to heat treatment. And no other 
many sizes from warehouses of the tool steel is as stable. Proof: after 12 years, a typical Graph-Mo steel 
distributors, A. Milne Co. and Peninsular master plug gage changed less than 10 millionths of an inch in 
Steel Company. dimension! 

More facts about Graph-Mo Hollow-Bar? Write The Timken 
Roller Bearing Company, Steel and Tube Division, Canton 6, Ohio. 
Cable address: ““TIMROSCO” 


YEARS AHEAD —THROUGH EXPERIENCE AND RESEARCH 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS TUBING 
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t 1s difficult for me to become 
accustomed to a delay of 45 days 
when I prepare once a month this 
brief message to you. But it seems 
that the printer can work only so 
fast, and here on the first of April ! 
am writing this message which will 
not reach you until the 15th of May 
I could cut the time interval to five 
days if I sent vou a letter by first 
class mail, but that would immedi 
ately involve $750 for postage 
25.000 envelopes at $6, and 25,000 
sheets of good stationery (you rate 
only the best). That total would 
scare the life out of me, shock the 
Board of Trustees, and I don’t doubt 
even you would rate the information worth much less than the cost 
So I guess I'll have to get used to this 45-day period ind be appreciative 
of this two-thirds page for my message, because up to now the boob 
keeping department has failed to bill me for the space 
After this laborious and extended comment I am going to get right 
down to business 
Western Metal Exposition —Closed in a blaze of glory over 53,000 
visitors approximately 25,000 registered over 400 exhibitors 
not a square inch of available space remained beautiful decorations 
aluminum etchings, royal red carpet full list of metalworking equip 
ment, materials and processes exhibitors all reported fine business 
high-class attendance visitors in buying mood eastern exhibitors 
impressed with vitality of western manufacturing 
Western Metal Congress- All meeting rooms packed technical se 
sions by A.S.M., A.W.S., S.N.T., LH.E.A., and the Los Angeles chapter 
of A.F.S outstanding group of speakers Young Engineers Day or 
Friday — 1700 students from local junior colleges and universities. The 
Ninth Western Metal Congress and Exposition will be hard to beat 
rhe Tenth Western Metal Congress and Exposition will be held in 
Los Angeles, March 25 through 29, 1957 
Just space to tell you of two important acquisitions to headquarte 
taff. Dr. Anton deSales Brasunas, a graduate of Ohio State and M.1.T., at 
present associate protessor of metallurgy at the Universitv of Tennessee 
has been appointed director of A.S.M. educational activities and head of 
the Metals Engineering Institute, which is now proceeding full steam 
ahead in the preparation of the A.S.M correspondence courses (for full 
details see A.S.M. of Tomorrow December 1954 Metal Progress 
lone is finishing his teac hing year at Tennessee, but will devote full tin 
and move to Cleveland at the close of this semester 
John Tyrrell, also a graduate or M.LT., tor the last four years a rep 
resentative of Metal Progress in the New York territory, has become 
associate editor in Cleveland. For more details see p. 122 
The last of Mav | will be sailing with the A.S.M.. 200 strong. for th 
Joint Metallurgical Societies meeting in Europe, with a week in London 
and a week each in Germany and France At the conclusion of the 
meeting in Paris, the members will scatter to Italy, Austria, and some t 


Spain with me. I'll give you a bird's-eye view of the Folies Bergér 


Cordially vours 


W. H. Eisenman secretary , 
Amenican Socrety ror MeTALs he 
































Solventol Di*PHASE 
cleaning superiority 
is o result of a funda- 
mentally new principle 
in metal cleaning formu- 
lations. The Di*PHASE 
principle cleans faster, 
more thoroughly than 
other detergent compo- 
sitions. It removes more 
kinds of soil from ALL 
types of metals 

Di*PHASE compositions 
are non-toxic and tem 
porarily inhibit corro- 
sion and rusting 


DESIGNERS AND BUILDERS 


OF SPECIALIZED METAL 
CLEANING EQUIPMENT 


Solventol 


SEND TODAY— 


for descriptive literature 
and technical specifications 
on the new Solventol DiePhase 
Liquid Series of Metal Cleaning 
Compounds and Equipment 


SOLVENTOL CHEMICAL PRODUCTS, 
DETROIT 3, MICHIGAN 





want to mechanize forging? 


This large forge shop could show you now. Turning 
out auto and tractor gears along with hundreds of 
other parts large and small, it relies upon Ajax in 
duction heating for faster, more efficient production 
. . » lower material cost... greatly reduced man- 
power... and an impressively low reject average. 

A complete battery of over a hundred Ajax- 
Northrup heaters can be put into service here for 
heating bars of various lengths and weights and 
in sizes from one inch rounds to four inch squares, 


each scheduled for automatic or even patterned 


heating at just the desired rate for the forging oper- 
ation. Rapid induction heating makes scale forma- 
tion almost nonexistent; forging dies last much 
longer. 

Here is mechanization brought to the difficult 
forging process—thanks to the speed, precision, 
and reproducibility of Ajax-Northrup heating. An 
Ajax representative will be glad to show you how 
it can help mechanize your production. Or, just 
write Ajax Electrothermic Corporation, Trenton 5, 


New Jersey, for Bulletin 27-B. 


Associated Companies; Ajax Electric Company—Ajox Electric Furnace Co.—Ajax Engineering Corp. 
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Over 22 tons of die block for 
“IMPRESSIONS THAT LAST’’ 


Another example of Fink! dependability and craftsmanship are these die 
blocks each of which is 13”x77”x79” and weigh 22,710 pounds. The face and 
two ends have been rough carbide milled. The steel is Finkl FX, heat treated 
to lemper 3 which is 331-302 B.H.N. FX blocks are tough, resistant to checking 
and washing, and free from temper brittleness, FX can be furnished in special 
shaped sections of large and small sizes such as rings, discs, round, square, re« 
tangular or half round bars 

From steel making, where quality of material begins, through forging, heat 

Write for this free catalog telling all treating, rough and finished machining, and metallurgical testing where quality 
about Fink! die blocks and forgings, of workmanship counts, Fink! standards are the highest. For 76 years we have 
the types of steel, the proper selec- proved that the best is the least costly in the long run. Next time you are con 
tion for the job, how to make dies sidering die blocks or forgings choose Finkl and you will choose the finest 

last longer, and many other helpful 
facts. Please send request on your 


Call your nearest Fink! representative 

company’s letterhead DETROIT 26: A. Fink! & Sons Co., 2838 Book Bidg., WOodward 1-1315 * CLEVELAND 14; A. Fink! & 
Sons Co., 1914 NBC Bidg., CHerry 1.2939 * PITTSBURGH 22: A. Fink! & Sons Co., 762 Gateway Center, 
Allantic 1-6391 * INDIANAPOLIS 5: A. Fink! & Sons Co., 132 E. 30th St., HICkory 4647 * HOUSTON 1 
Peden tron & Steel Co., P.O, Box 1891, CAPitol 2121 * ALLENTOWN: Leidy Soles & Supply Co., 532 
Hamilton Street, HEmiock 3-0571 * ST. PAUL 1; W. C. Forcey, 445 Endicott Bidg., CApital 2.1600 * 
COLORADO SPRINGS: A. E. Stenzel, 534 W. Cheyenne Road, MElrose 2-043! * SAN FRANCISCO 5 
Thos. 5. Hutton & Son, Monadnock Bidg., EXbrook 2-7017 * SEATTLE 4: M. M. Mossman, 3104 Smith 
Tower, SENeca 5393 * BIRMINGHAM 9; W. E. Thomas, P.O. Box 58634, 29-5731 * KANSAS CITY 12 
W. C. Carolan Company, 612 W. 47th St., JEFferson 5505 


Western Warehouse LOS ANGELES: Fink! Stee! Products Corp 10736 Sessier Ave LOrein 6-2134 
Eastern Werehouse EAST CAMBRIDGE 41: Industrial Steels, tnx 260 Bent Street, Elliot 4.74660 


A. Finkl & Sons Co. 


2011 SOUTHPORT AVE « TEL. DIVERSEY 8-2600 « CHICAGO 14 


FORGINGS+-DIE BLOCKS+ELECTRIC FURNACE STEELS 
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This one-inch section from the center slab of the steel being 
quenched above varied only 11 Brinell points over its en- 
tire area. Steel is AISI 4150, and the slab measures 80” long, 
16” wide, and 412” thick. (Above) Gulf Sales Engineer 
W. R. Illing and Mr. Charles M. Larson (right) discuss the 
fine performance of Gulf Super-Quench on this job. 









-typical of results with 












Gulf Super-Quench 


Charles E. Larson and Sons, a large forging company in Chicago, are enthusiastic 





users of Gulf Super-Quench. Recently, however, they had cause to be amazed at its ability 
to maintain uniform hardness and reduce rejects. 

After quenching the large slab of steel shown in the photograph in Gulf Super-Quench, 
they cut a section one inch thick from the center and checked the hardness at the points 
shown in the photo. It varied only eleven points over the entire area of the section 
a hard-to-believe uniformity pattern. 

This is further proof of Gulf Super-Quench’s ability to achieve more uniform hardness 
and get deeper hardening without cracking and distortion. 

Have a Gulf Sales Engineer help you discover opportunities to put Gulf Super-Quench 
to work—profitably—in your shop. Contact your nearest Gulf office today, or send the 


coupon below. 


GULF OIL CORPORATION - GULF REFINING COMPANY 
Room 1822, Gulf Building, Pittsburgh 30, Pa, “rr 



















Gentlemen 
Please send me, without obligation, a copy of your 24-page brochure 
dealing with the application and advantages of Gulf Super Quench 


Nome 
Title 
Company 


Address 
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CHAMPAIGN ® ILLINOIS 
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*The Oakite CrysCoat 
Cleaning-Phosphating Process 


for preparing metals for painting 


Westinghouse one of the nation’s largest manufacturers of air-moving 
equipment produces the powerful, portable Mobilaire exhaust fan. 

seneath this sturdy unit’s gleaming finish lies a protective coating of Cryscoat 
to make it look better... last longer. 


There's an Oakite CrysCoat Process to suit your particular set-up: 


1. Zine phosphating in spray washer 
2. Zine phosphating in tank 
4. Iron phosphating in spray washer 
4. lron phosphating in tank 


Each CrysCoat Process gives you a fine phosphate foundation 
for long-lasting paint adhesion. 


Each CrysCoat Process protects against corrosion under the paint, 
Each CrysCoat Process is easy to control. 


Each CrysCoat Process is solidly backed by nationwide Oakite Service 
that unconditionally guarantees satisfaction 


Illustrated literature describing the Oakite CrysCoat Cleaning-Phosphating 
Process gladly mailed on letterhead request. 
Oakite Products, Inc., 26H Rector Street, New York 6, N. Y. 


LIZED INDUSTRIAL City 
eciA Nin 
4 C 


CrysCoated Products 
OAKI | E Look Better... Last Longer! 
, 
ct 


M 
ATERIALS « METHODS > SERY 


Technicel Service Representatives Located in Principal Cities of United States and Canada 
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Are your machines adequate for present-day testing pro- 


ADEQUACY TEST 
cedures? Or do they perform just well enough to get by? 


Often, testing machines in daily use appear to be doing the ] Does my present equipment have in- 
; “Ape : i finitely variable speed control? 
job... yet by today’s standards are limited in versatility, 


convenience and accuracy. 2 Can it control rate of loading? 












: a 
Now may be the time to question whether you are getting as Can it control rate of strain: 


complete a test as you could with up-to-date equipment. 4 Can it hold a stress or strain in the 
Simply ask these 13 questions about your machines. It will elastic range indefinitely? 

take only a few minutes and may reveal whether your ma- § Cen it utilize sutomatic load holding 
chines are really adequate . . . or outmoded and obsolete. attachments ? 













4 or more “no” answers probably mean you are not accomplish- 6 Is its drive smooth enough not to affect 


: : , : : the indicating system? 
ing as much as you could with new testing machines, And in dre 


that case it will pay you to return the coupon. Just check the 7 Can it obtain high magnification stress- 
“no” answers by number. A Riehle engineer will be glad to strain socordings? 
discuss specifically how Riehle equipment can make your test- 8 Does it have unlimited testing stroke 


ing more accurate and more convenient. over the complete distance between up- 
per crosshead and weighing table? 


Mail the coupon even though you may not actually be in the 

















ae 9 Can it handle off-center loads? 
market at this time. 


10 Can it unload as accurately as it loads? 








1] Does it have simple controls? 





12 Is its accuracy independent of the 
operator's skill? 





Am I proud of the appearance of my 
testing equipment? 








60,000 pound Riehle 
Universal Hydraulic 
Testing Machine 







"One test is worth a thousand expert opinions” 


Would you like to have a wall plaque bearing this famous 
axiom? The plaque is simulated bronze, suitable for hanging 
in your lab, There's no charge or obligation; just write for it. 


RIEHLE TESTING MACHINES r 
Division of American Machine and Metals, Inc. 
Dept. MP-555, East Moline, Illinois 
Give me full details on what could be accomplished with 
up-to-date equipment. 

(Check numbers of questions answered ‘‘no.'’) 
So. BG. ois eth $0. 60 70, 80. 9th 
oOo, uo, 20, 30 
1) Send free plaque. 
















Riehle ascii 


American Machine and Metals, Inc. 


EAST MOLINE, ILL. 
















rinm NAME 
aAooRESS 


cerry 








ATTENTION MR. 













wee es Pay 





Atmosphere Furnace 

Cooley Electric Mfg. Corp. has an 
nounced a new general purpose fur 
nace with a newly developed protec- 
tive atmosphere for general harden- 
ing of tool steels, carburizing and 
other heat treating operations. The 
atmosphere system consists of a 
cracking unit to which is fed by means 
of a variable speed pump, a mixture 















































































of alcohol and water proportioned 
according to the type of treatment 
desired, This mixture is cracked into 
gas of a controlled analysis to main 
tain the correct carbon potential fo 
equilibrium with the steel being treat 
ed. The chamber dimensions are 8 x 
6 x 14 in. and the power rating is 
1.8 kw. at 230 v 

For further information circle No. 1188 
on literature request card, p. 32-B. 


Barrel Finishing 

A standard-model barrel finishing 
machine with many features of the 
deluxe models has been announced 
by Minnesota Mining and Mfg. Co. 
The machine has all moving parts en 
closed. Safety features include a 
pivot-mounted gate which closes when 
the machine is in operation and a 
magnetic brake. All lubrication points 
are readily accessible, since the 
motor, speed reducer, speed changer 
and brake are mounted in a single 
unit at the rear. The model is avail 
able in three power ranges, with a 








1% hp. motor for ordinary require 
ments, a 2 hp. motor for heavy duty 
work or a 3 hp. motor for extra heavy 
finishing jobs. 


For further information circle No. 1189 
on literature request card, p. 32-B. 





Vacuum Pumps 

F. J. Stokes Machine Co. has an 
nounced two new lines of high vacuum 
pumps—a series of oil diffusion 
pumps and one of 
booster pumps 
toth have a 
“Ring-Jet” fea 
ture which in 
creases the pump 
ing capacity by 
more than 50% 
The new “Ring 
Jet” design re 
places the conven 
tional jet cone 
with a ring of 
jets, permitting 
the cross-section 
area of the air-flow path to be sub 
stantially increased without increasing 





the distance from the beginning of 
each jet stream to the nearest con 
densing surface. Diffusion pumps are 
available in 4, 6, 10, 14 and 16-in 
sizes and booster pumps in 4, 6, 10, 
and 16 in. sizes. 


For further information circle No. 1190 
on literature request card, p. 32-B. 


Tin Plate 


Heavy gage electrolytically-coated 
tin plate has been announced by 
Jones & Laughlin Steel Corp. Where 
corrosion is not too great a factor, 
the new tin plate is being used as a 
replacement for long ternes, alumi 
num, zine coated sheets and other 
metals of higher cost. The heavy gage 
tin plate comes in three coating 
weights: No. 25, which has a tin 


coating of 0.009 oz. of tin per square 
foot: No. 50, at 0.018 oz per aq. ft 
and No. 75 at 0.027 oz, per sq. ft 


For further information circle No. 19! 
on literature request card, p. 32-B. 


Spectrograph 

A new spectrograph which uses two 
gratings was announced by the 
Bausch & Lomb Optical Co. The in 
strument will photograph complex 
spectra found in new metals and ma 


terials such as high temperature al 












loys, uranium products and rare 
earths. The use of two gratings in the 
new spectrograph provides two differ 
ent spectral ranges in a single ex 
posure on a single plate or on two 
different plates. One grating operates 
in a range of 1850 to 2Z4000A, the 
econd grating in a range of 1850 to 
12000A, The new step-variable sys 
tem provides a slit which can be 
opened qui kly for thorough cleaning 
but which is returned automatically 
to any one of several precise widths 
with an accuracy of half a micron 
Any one of several widths can be 
placed in operation with a simple dial 
election knob 

For furth«r information circle No. 1192 
on literature request ecard, p. 32-1 


Small Chilling Unit 

The addition of a 2 cu-ft. low tem 
perature freezer to their standard 
line has been announced by Cincin 
nati Sub-Zero Products. First built a 
a special unit for testing laboratorie 
it was found to be suitable to the chill 
ing requirements of industrial users 
and is now being furnished as a stand 
ard model. It has a clear opening 
of 21% x 10% in. The chilling cham 
ber size is 24x12x12 in. At 20 
F, with convection fluid the machine 
has a capacity of 300 Btu. per hour 


Standard accessories include a 500 
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If you use an ordinary quenching oil that forms sludge deposits, here’s what can happen to your oil cooler. 


SUN QUENCHING OIL LIGHT 
WONT CLOG COOLERS 


Sludge lowers operating efficiency, ups maintenance costs, cuts output. Sun 
Quenching Oil Light, when used at normal temperatures, keeps coolers clean, 
because it has a natural detergent action that prevents the formation of sludge 
deposits and aids in removing any deposits that have accumulated. And this oil 


thins out when heated—reduces drag-out, brings operating costs down. The 


booklet‘ Sun Quenching Oils” tells the story of Sun’s money-saving quenching oils. 


Call a Sun office or write Sun On Company, Philadelphia 3, Pa., Dept. MP-5. 


INDUSTRIAL PRODUCTS DEPARTMENT 
SUN OIL COMPANY 


PHILADELPHIA 3, PA. « SUN OIL COMPANY LTD., TORONTO & MONTREAL 
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P ve coh Kael 
«tit 
bright 
annealing 


Units available in 100C FH 
to 10,000 C.F. H. capacities 


nitroneal gas 
generator 


.. produces pure nitrogen with a con- 
trollable hydrogen content that can be 
varied to meet changing requirements 
and maintained at any desired percent. 
age between .25% and 25%. This flexi- 
bility permits the use of proper gas for 
any material or process at lowest cost 

Applications include bright anneal- 
ing, heat treating and furnace brazing 
of stainless steel, low and high carbon 
steels and non-ferrous metals. 


Whake toe free, 


informative } 
booklet No, 21. | 


PRECIOUS 
METALS 


113 ASTOR ST., NEWARK 5, WN. J. 
NEW YORK «+ SAN FRANCISCO 
CHICAGO + LOS ANGELES 





watt heater to convert the machine 
for high and low temperature testing, 
a fan for rapid cooling or heating, 
observation windows in top or front, 
interior lights, entrance holes, elec 
trical connections within the chamber 
and instrumentation as required 


For further information circle No. 1193 
on literature request card, p. 32-B. 


Filters 

Full flow filters offering flow rates 
up to 900 gal. per min. have been 
announced by the Filtration Div., 
Houdaille-Hershey of Indiana. New 
units can be used for filtering a wide 
variety of liquids 
including engine 
lubrication and 
fuel oils, metal- 
working oils and 
coolants, and 
parts washing so- 
lutions. The new 
filters are de 
signed for in-line 
installation and 
combine compact 
ness with excep 
tionally high flow 
capacity to insure 
continuous filtra- 
tion of entire oil 
or coolant supply. Nine different size 
are available using 1 to 36 cartridges 
Extra-large dirt holding capacity i 
obtained by a_ resin-impregnated 
pleated paper cartridge having 44 sq 
ft. of filtering surface. Filter element 
in cartridge is inert and will not re 
move additives found in many oils 
It will not soften or disintegrate 
when used on coolants or other liq 
uids having a water base 
For further information circle No. 1194 
on literature request card, p. 32-B. 


Contour Projector 

A portable bench-ty pe contour 
projector which is equally adaptable 
for either horizontal or vertical pro 
jection gaging has been announced by 
Eastman Kodak Co. The projector is 
designed for checking of small parte 
which may be inspected by staging in 
imple holding fixtures for horizontal 


projection or placing on an easily 





Write for the latest stock list 
Contact our nearest offce of write tw 
Peterson Steels, Inc., Springheld Road, 
Union, New Jersey, Address Dept. M 





mounted glass stage, with the ma- pointer which eliminates mechanical! weighing only 57 
chine turned on end, for vertical pro- contacts. Typical applications are steel 
jection, Six magnifications (10 to to sound an alarm when the controlled 
100 *) are provided, with all lenses temperature reaches a critical value stitution of titanium for steel bolt 
quickly interchangeable and positive to initiate control to contain cycle in critical tension applications on ai 
ly seated for rated magnification. per second within a specified range, to 


as mucn as 
counterpart, the new fastener 
makes possible the part-for-part sub 


craft. Weight saving without loss of 
strength can reach 1000 Ib. in a single 
airplane. Bolts tested have show: 


For further information circle No. 1195 shut down equipment at a maximum 
on literature request card, p. 32-B. vibration point and to shut down 


machinery drawing more than norma! 


that, pound for pound, they can take 
Control Instrument power. 


a maximum dynamic load more thar 
A new control initiating instrument For further information circle No. 1196 twice that of comparable steel bolt 

has been announced by General Elec on literature request ecard, p. 32-B. 

trie’s Instrument Dept. It is an auto 

matic, all-electrical device for initiat Titanium Bolt 

ing action when a _ predetermined Fabrication of light-weight titar 

value is reached, The system picks up ium bolts has been announced b 

the signal from the _ instrument Standard Pressed Steel Co. Whik 


without failing through fatigu« 


For further information circle No. 1197 
on literature request card, p. 32-B. 


Key Driver 


Erie Foundry Co. has announced 





its new key driver for drivir gw die 
and sow block keys in forging han 
mers. The key driver replaces th 


method of driving keys by using a bat 


tering ram suspended from an overt 
Another “must” for proper Metallographic Control head crane on the building structure 


tre (B MICROMET ETCHER 


A self-contained variable dc. power supply 
for electrolytic etching of prepared metallo- 
graphic specimens. 


This neat compact unit is always ready 4 The new key driver, which operate 
to operate eliminating time consuming + pneumatically using plant air, ds 
hook ups and delays due to AG ' livers an accurate blow with the cor 
battery failure. ga trolled force of an 800 lb. steam ham 


mer if desired. It is a portable mod 


All controls are advantage. : : fw fied horizontal hammer and is usual! 
ously located for fingertip , . one handled by a fork-lift truck. Averag: 
adjustment. Twin ‘ én md raetges time, np sane en 
) the key driver to and from the han 
type voltmeter and é mer, is cut to 20 min. while the bat 
ammeter are posi- —- tering-ram method consumed 3% hi 
tioned for ready and . a change. Only two men are required 
easy observation. and accidents have been reduced 


For further information circle No. 1198 


Properly identified - ; on literature request card, p. 32-B. 
and the anode with pH Instrumentation 
forceps contact Complete systems for pH recording 

ine and control have just been announced 
or holding specimen by the Bristol Co. These pH instru 
are supplied. A 
replaceable beaker and fitted 
cathode clip to support either é / 
the vertical or horizontal stainless ° 
steel cathode are furnished. 

METALLURGICAL APPARATUS 


2120 GREENWOOD STREET 
EVANSTON, ILL., U.S.A. 
ment systems include an electronic 
Dynamaster potentiometer recorder 
or controller, a Beckman Model W 
amplifier, electrode assemblies i: 





either flow or immersion types and a 
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TSA-9-120 


Member of Environmentol 
Equipment Institute 


SALES OFFICES: Baltimore; 


ell oly \aen dom @F-lellal-)c— 


CUT SPOILAGE 





Shrinking metal at -120°F to -150°F introduces 
important advantages and economies 


Shrink-fitting is faster, safer, easier to handle. In most cases it is 
possible to insert the male part by hand and obtain a tight fit with 
out the distortion or misalignment that results from excessive 
pounding. Also there is less likelihood of altering the character- 
istics of the metal. 


Chilled metals do not oxidize or require additional finishing, and 
there is much less possibility of distortion of parts which have 
sections of various sizes. 

More than 3000 Tenney chambers are in use in plants and labora- 
tories throughout the country—and Tenney has the largest spe 
cialized engineering staff in the industry to solve your individual 
cold metal treating requirements. 


Om LEITITIALT, 


a Oe ee ae, ee ne, i Oe 


‘hieag°, Indianapolis, Kansas City, Los Angeles, New York, $1 Louis, Son Francisco, Ottawa, Canede 





Engineers ar 


i@ Manufacturers of Refrigeration and Environmental Equipment 
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A NEW HIGH QUALITY 
WIDTHS UP TO 36 INCHES 
13 STANDARD COLORS 


When you fabricate from COLORWELD Coil you 
eliminate the difficulty and expense of finishing 
individual parts in your paint department. Pre- 
finished COLORWELD Coil is ready to be fed 
into roll forming equipment, press brakes, draw 
presses, or punch presses, with completed parts 
going directly to assembly or shipping rooms. It 
won't scratch, peel or chip during most fabrication 
stresses. Delivered in easy-to-handle coils or 
sheets, COLORWELD is available in widths rang- 
ing from “2” to 36”, in thicknesses from .016 to 
040, slit to your width specifications. It can be 
coated on one side or two in any of thirteen stand- 
ard colors. Now hundreds of new items can be 
made better and more economically with this new, 
wider width, It will pay you to try COLORWELD 
Coil in your manufacturing operation. 


ian STATES IRON yee Caran 


Fice P O. Be 59 avannat Geergia 
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KENTRALL Herdness Tester 


MAKES BOTH 
Superficial & 
Regular Tests 


Thoroughly proven in the field over the past two 
years, the KENTRALL makes all Superficial Rock- 
well tests (15, 30 and 45 kg. loads), as well as all 
Regular Rockwell tests 

(69, 100 and 150 kg. 

loads). 

Want complete infor- 

mation? Write for Bul- 

letin RS. 


Lhe 
Torsion 
Balance 
Ex mifian Y 


Main Office and Factory: 

Clifton, New Jersey -— Bets 

Sales Offices: Price $605 
Chicago, Son Francisco 








pU2ZER 


INDUSTRIAL Gas EQUIPMENT 


NO BLOWER OR 
OTHER POWER BUZZER Equipment, a buy-word 
NEEDED 


JUST CONNECT TO GAS SUPPLY 


since 1911, provides the hottest 
and quickest heating without 
blower or power Wide range of 
turn down and heat control You 
can depend on a BUZZER 


Atmosoheric Pot 
Hardening Furnaces 


Send for complete 
BUZZER Catalog. 


CHARLES A. HONES, Inc 


126 $O. GRAND AVE, BALOWIN, Li. NY 
BURNERS - FURNACES ( Heat Treoting, Melting, Soldering 


Mirs. since 1911 





variety of final control elements for 
the addition of gaseous, liquid, solid 
or slurried reagents. 


For further information circle No. 1199 
on literature request card, p. 32-B. 


Shell Molding 


C & § Products Co. has announced 
a new machine for making both shell 
molds and shell cores, separately or 
simultaneously. The machine blows 


resin and coated sands into heated 
core boxes to produce shell cores or 
into heated patterns or die cavities to 
molds. Curing 
It requires 24 sq. ft. of 


floor space and is a two 


produce commences 
immediately 
station opera- 
tion. The standard machine will ac- 
commodate patterns up to 15 x 20 in. 
and up to 36 in. in height. 

For further information circle No. 1200 
on literature request card, p. 32-B. 


Heat Treat Furnace 
A new 
trolled atmosphere heat treating has 


mall batch furnace for con 


been announced by Holeroft and Co. 


The furnace is designed for heat 


treating parts for small plants and for 


which have limited or 
production Such 
carburizing, carbo 


hardening, normal 


ones 


large 
varied problems. 
typical cycles as 
nitriding, bright 
ing, annealing, tempering and non 


ferrous heat treating can be run. The 
furnace has the capacity to heat 500 
lb. gross per hour to 1500° F. It can 
be operated at temperatures ranging 
from 400 to 1800° F. The furnace re- 
quires less than 63 sq. ft. of floor 
space. No pits are needed. 


For further information circle No. 1201 
on literature request card, p. 32-B. 


Universal Tester 

A new table model universal test- 
ing instrument has been announced by 
Engineering Corp. This in 
strument records stress-strain curves 


Instron 
under tension or compression, It is 
adaptable for quality and production 
control as well as for research re 
quirements. Full scale load ranges 
from 2 g. to 200 Ib. are available 
through the choice of three load cell 

A space of 3 in. is provided around 
the crosshead assembly to permit the 
use of special conditioning chambers 
without modification of the unit. 

For further information circle No. 1202 
on literature request card, p. 32-B. 


Spectrochemical Unit 
Applied Research Laboratories ha 
announced the Quantograph for 


spectrochemistry. This new instru 
ment combines the features of a spec 


trograph, a monochromator and the 


Quantometer. The machine will ac 
complish photography of spectra for 
analysis, 


spectrometry for direct-reading quan 


complete polychromatic 
titative analyses and monochromati 
spectrometry for qualitative and 
quantitative analyses. 

For further information circle No. 1203 
on literature request card, p. 32-B. 


Emulsion Cleaner 

Kelite Products 
dust-free composition—freely 
in water—for the removal of pro- 
tective mill oil from steel. Kelite MD-1 
is used as a tank immersion cleaner at 
160 to 180° F, The cycle employed is 
0.5 to 3.0 min 
amount and tenacity of the soil prés 
ent. MD-1 is strongly buffered and 
exhibits a fairly constant pH over a 
wide range of concentration. In the 


has announced a 
soluble 


upon the 


depending 


recommended concentration it exhibits 





PYRO 


Instruments for Precision 
Temperature Measurements 


PYRO 


Micro-optical 
Pyrometer 














. reer! gehera piar 
Micro Optical Pyromete 
eet the demand not only for 
y, b “) greater versa 
emperatures ver oo” ¢« 


os than .001” in diameter 
priementsa lene, Gan the 
fr five inehe t 
» and floor-typ 
rm geare & 
Oriecntal adjus 
direot reading 
reproduction 
« o on 


PYRO 
Surface Pyrometer 


sll plant 


Designed to meet 
and laboratory surface and 
ib-surface temperature 
measurements with sel 

tion of thermocouples and 
xtension arms The im 
proved Pyro is quick act 
ing, securate, light-weight 
and rugged it features 
large 4% direct reading 
scale, automatic cold end 
junction compensator and 
shielded steel housing all 
ombined to offer highest 
precision, accuracy and de 
Available in 
five standard rangee« from 
6.200 toe 06-1200 ' 


pendability 


Ask for free catalog No. 168 


The Simplited PYRO 


Optical Pyrometer 


Gives accurate temperatures 
at a glance. Any operator 
ean quickly determine tem 
peratures of minute epots 
fast moving objecta and 
ama llent streame Com 
pletely self-contained no 
correction charta or seces 
sories needed. Weighs only 

lhe Direet reading 
with especial types for truce 
pouring 
molten 


temperatures of 
ferrous metals 
Five temperature ranges 
from 1400°F to 00°F 
Avek for free Catalog No 


ET SRNR em 
THE PYROMETER INSTRUMENT CO. 


Bergenfield 21, New Jersey 
New Plant ond Laeborotory 
Manutacturers of Pyro Optical, Radiation, |mmersion 


and Sertace Pyrometers for over 25 years 
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Houghto-Quench 


F 


last step 
pay off 

in 

heat treating . 


Like base runners, your heat treaters bank a lot on 
the /ast step. In steel, it's the crucial quench! 

Your steel selection is carefully made. Tempera- 
ture’s right on the nose. Atmosphere is okay. With 
your costly processing risked on the quench, doesn’t 
it make senge to entrust that critical ‘‘last step’’ to 
the best quenching oil you can get? 

Specify Houghto-Quench Oil for the speed and 


«++ @ product of 


ok 


hardening safety you want—for the uniformity that's 
essential. It's the original quenching oil to be forti- 


fied for the stability you want and need! 


Ask the Houghton Man to show you how Houghto- 
Quench increases heat treating effectiveness—with 
lower cost per ton of steel quenched. Write for 
latest ‘Quenching Handbook"”’ too—E. F. Houghton 
& Co., 303 W. Lehigh Ave., Philadelphia 33, Pa. 


Ready to give you 
on-the-job service ... 


QUENCHING SPEED TO FIT YOUR NEED 
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new 


corder 
the 
checking 
gravity 
value 

a formula to obtain the 
When 
bined with pneumatic 
adjust the 


good cleaning ability for intervals of 
one month or more. 


For further information circle No. 1204 
on literature request card, p. 32-B. 


Calorimeter 


A calorimeter that records directly 


and continuously in terms of the heat 
flow factor instead of Btu 
announced 
Cosa 


has been 
by 
The 


regulator 


Corp. 


permits a flow of 
gas 
versely 
tional 
square root of the 
specific 
so that 
available at 


which is in- 
propor- 


to the 


gravity, 
the heat 
the 


burner is propor- 
tional to the 
flow factor. 


heat 
Use 
the new re- 
eliminates 
need for spot 

specific 
and Btu. 
and using 
information. 
the new instrument is com- 
it can 


mixing of two gases and 


control, 


keep the heat flow factor constant. It 


fitted 
tacts to give 


can be with electric alarm con 
visible or audible 
ing when the heat 


over pre-set limits 


warn 


flow factor goes 


For further information circle No. 1205 
on literature request card, p. 32-B 


Spectrographic Standards 

A new set of eight low-alloy steel 
spectrographic standards has been an 
nounced by Jarrell-Ash. They 
the British Bureau of 
Analyzed Samples, Ltd 
tion was accomplished 
operative analysis by twelve 
cal chemists 
spective 


are 
issued by 
Standardiza 
through co 
analyti 
representing their r« 
firms. The 

are in the form of rods % in 
eter by 6 in, 
cates accompany 


steel standards 
in diam 
Individual certifi 
the standards and 
the results of the twelve analyses are 
tabulated and averaged thei: 
analytical techniques are outlined 


long. 


and 


For further information circle No. 1206 
on literature request card, p. 32-B 


Die Casting Machine 

A new higher speed design of the 
Model BH-30 die casting machine ha 
been announced by the Kux Machine 
This machine, a plunger goose 
neck type for the production of zinc, 
tin die 


Lo 


lead o1 castings, has been in 


creased in over-all weight to 24,000 





The Clark Hardness Tester 
is precision built to give 
guaranteed precision results. 
Thousands of Clarks, with 
years of service all over the 
world, attest to this. 

The surprisingly low price 
includes the precision Clark 
Diamond Cone Penetrator, 
as well as Steel Ball Pene- 
trators, a wide assortment of 
Anvils, Test Blocks, and 
other accessories. Available 
in two models, for Standard 
and Superficial “Rockwell” 
hardness testing, each with 
choice of 4”, 8”, 12”, or 
16” work capacity. 

Before you invest in any 
hardness tester, get the facts 
about the low price, speedy 
delivery, and guaranteed accu- 


racu of the Clark. Write today. 


CLARK INSTRUMENT, INC. 


THE MOST FOR YOUR 
“ROCKWELL TESTING” 
DOLLAR! 








CLARK 
HARDNESS TESTER 


10202 FORD ROAD 
DEARBORN, MICH., U.S.A 








HEAT RESISTING 


ALLOY 
BARS 


from STOCK 


Wuarever Your 
Bar Requirement — 
(DP Can Suppty fr... 


ROUNDS 


From '/16" to 6" 
and many sizes of 
FLATS, SQUARES 
HEXAGONS 
TRIANGLES 
ANGLES 


Send For Our 
Monthly Stock list 


MAINTAINS 
for prompt shipment the 
largest and most com- 
plete inventory of rolled 
heat resisting alloy bar 
stock found anywhere, 


fran ip Huors 


CARRIED 1m 
TYPE 330... 35 Ni.15 Cr—tu Si 


TYPE 446. 


fyroisen busors. Ive." 


we ame 


46/15 GELLE Aly AVENE. OE TRONT 7, MICHIGAN 
eee TE WAN 1440? 
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MERRILL 


MATERIALS HANDLING 


DEVICES 


A 


= 


TWIN LIFTER 
eeeeeeee@ 


a 


*®eeeeoeee 


ail 


/ 


MERRILL BROTHERS 
56-31 ARNOLD AVENUE 
MASPETH, N. Y. 
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thick 
solid steel die plates, 4 in. diameter 
tie bars and a channel steel base, ex 
tending the length of the machine 


lb. through use of heavy 6 in 


Die clamping pressure capacity is 
rated at 400 tons. Very large dies 
can be handled, and deep draw cast 
ings can be produced. 

For further information circle No. 1207 
on literature request card, p. 32-B. 


W elders 


Air Reduction has announced a new 
low-cost high-efficiency a.c. are weld 
ing machine, for use wherever a gen 











eral utility welder is needed. Two 
models are available—one with and 
one without power factor correction 
The right heat setting can be selected 
by simply turning the current control 
crank on top of the case for exact 
increments from 20 to 180 amp. The 
open circuit voltage is adequate for 
operation with standard 
electrodes. The machines are ruggedly 
constructed and come equipped with 
a primary cable with three-prong plug 
and receptacle, and four casters for 
easy mobility. 


successful 


For further information circle No. 1208 
on literature request card, p. 32-B. 


Mounting Press 

Buehler, Ltd., has announced a new 
mounting press for the 
preparation of metallurgical samples. 


specimen 


Design features include automatic 


temperature control, center ejection 
of the completed specimen, and the 


possibility of using both 1 and 1% in 
specimen molds with the same heater 
and cooler. 

For further information circle No. 1209 
on literature request card, p. 32-B. 


Wire Testing 

New snubber type grips for tensile 
strength tests of wire up to 0.06 in 
dia, have been announced by Baldwin 
Lima-Hamilton Corp. These grip 
were designed to minimize or prevent 
breaks at the grips and thus permit 
breaks to occur within the free length 


of wire specimens, Grips consist of 


> 


3-in. dia drun 


Ends 


steel 
secured to aluminum brackets 


hardened 


of wire wound around the drums one 
screw 
clamps on the brackets. Brackets are 
supported by spherically seated ten 
sion rods held in matching wedge grip 
slot adapters in the crossheads of 
the testing machine 


or more times are held by 


Centerlines of 
the free length of wire in tension and 
of the tension rods coincide, as shown. 


For further information eircle No. 1210 
on literature request card, p. 32-B 





How to use 


ew USS “T-1" Steel 


to reduce welding costs 


New USS “T-1” Steel is three times 
as strong as ordinary mild steel . 
has a yield strength of 90,000 psi 

Yet, despite its very high strength, 
this new alloy steel is easy to weld 
It requires neither pre- nor post 
heating when you weld or flame cut 
it. You can use its unique combina- 
tion of properties to reduce fabricat 
ing costs and speed assembly in pres- 
sure vessels, construction machinery, 
mining equipment, bridges, towers, 
and pipe. 


USE “T-1” TO REDUCE THICKNESS. You can 
take advantage of the exceptionally 
high yield strength of “T-1” Steel 
to reduce the size and weidht of 
heavily stressed parts. Weldments on 


UNITED STATES STEEL CORPORATION, PITTSBURGH ~ 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. «+ 


ye) 


Q3 
USS 


thinner sections take less time . 
and less welding rod 


FABRICATE “T-1” IN THE FIELD. You can 
weld “T-1” Steel anywhere. Since no 
pre- or post-heating is needed, you 
don’t have to confine fabrication to 
locations where heat treating facili 
ties are available. You can assemble 
heavy-duty equipment in the field, 
and you can repair it in the field—at 
great savings. 


WHAT ABOUT JOINT EFFICIENCY? Weld 
ments in ““T-1” Steel develop the full 
yield strength of the steel 90,000 
psi.—when made with AWS E12015 
low hydrogen coated electrodes wit) 
oul pre- or post-heating. As a result 
weight reducing designs based on the 


COLUMBIA-GENEVA STEE 


WITEO STATES STEEL Carort owras iw yor 


greater strength of ““T-1" Steel are 
completely safe and reliable 

Send the coupon for complete facts 
about this amazing new alloy steel 


United States Steel 


Room 4716 
525 William Penn Place, Pittsburgh 30, Pa 


Please send me your booklet “United States 
Steel presents 1-1" which contains the full 


story of “T.1” steel 


your representative get in touch 


with me 
Name 


Address 


| 
| 
| 
| 
Have 
| 
| 
| 
| 
| 
| 


City 


bocmenraves 


DIVISION, SAN FRANCISCO 


UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 


CONSTRUCTIONAL ALLOY STEEL 





N 


T E—€.D 


SEE THE UNITED STATES STEEL HOUR. It's a full-hour TV program presented every other 


week by United States Steel. Consult your local 


Ss TAT P'S 


newspaper for time and station 


oe Creve 





Another 
Norton 


CRYSTOLON* baffle plates 
contribute to the high 
melting efficiency of Reda 
reverberatory furnaces 


Reladling ductile iron from a Reda reverberatory 
furnace for ferrosilicon addition. These furnaces are 
designed for fast, low cost melting of both ferrous and 


non-terrous alloys. 
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Cross-section of a reverberatory furnace manufactured by the Reda Pump Co, of Bartlesville, Okla. Charge is through 
the stack and the metal is heated by direct impingement of the flame passing over the metal bath and by reflected heat from 
roof and side walls. Melting takes place at base of stack, where crysTouon baffle plates (shown in color) are the Norton R 


an expertly engineered refractory prescription 


CRYSTOLON refractory material is engi- 
neered to combine great physical strength 
with exceptional resistance to thermal 
shock, slag penetration and chemical at- 
tack, It will withstand temperatures up 
to 3050°F, and has up to 15 times the re- 
sistance of ordinary fire clay to erosion 
and corrosion, 

That is why crysro.on baffle plates 
were prescribed for Reda furnaces — add- 
ing another to the long list of highly suc- 
cessful Norton R's for the metal melting 


field. 
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for this critical spot. 


Whatever your own furnace operations 
may be, there is a Norton ¥ that will help 
you to save time, labor and money. For 
information about Norton CrysTOLon*, 
ALUNDUM*, MAGNORITE* and FUSED STA- 
BILIZED ZIRCONIA refractories 
or special shapes or cements 
Norton representative. Or write to 
Norton Company, Refractories Division, 
324 New Bond Street, Worcester 6, 
Mass. Canadian Representative: A. P. 
Green Fire Brick Co., Ltd., Toronto 5, 
Ontario 


standard 


see your 


RE CTORIES 
Engineered... R. .. Prescribed 


Qlaking better products... 
to make your products better 


*Trede-Morks Reg. U.S. Pot. Off. and Foreign Countries 





IN MANUFACTURERS’ LITERATURE 
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1229. Abrasive 


Bulletin on aluminum oxide barrel fin- 
ishing compound for tumbling and pre- 
cision finishing. Simonds Abrasive Co 


1230. Abrasive Cleaning 
Catalog 534-W on brush types, sizes, 
speeds, filaments. Aids to power brush 
selection. Pittsburgh Plate Glass, Brush 
Div 


1231. Abrasive Wheels 

Operating suggestions and recom 
mended wheels for finishing stainless 
Manhattan Rubber Div 


1232. Air-Gas Mixer 

Bulletin L-700 gives engineering and 
application data on air-gas proportional 
mixer. Eclipse Fuel Eng'g 


1233. Alloy Cast Iron 

64-page bulletin A-7l on ecgineering 
properties and applications of Ni-Resist 
Corrosion data comparing with gray cast 
ron. International Nickel Co 


1234. Alloy Chart 

Comparison of AISI, SAE, ACI, AMS 
WAD, and PWA chromium and chromi 
im-nickel stainless specifications. Can 
non-Muslh egon 


1235. Alloy Selection 

Chart to select alloy for given corrosive 
problem. 350 corrosives included. Cooper 
Alloy Foundry 


1236. Alloy Steel 

68-page “Aircraft Steels" includes re 
sed military specification Also stock 
ist. Ryerson 


1237. Alloy Steel 

207-page book gives more than 50 com 
plete case histories of alloy steel usage 
Climax Molybdenum 


1238. Aluminum Alloy 


Bulletin 103 on high strength aluminun 
illoy which ages at room temperature 
Federated Metals Div 


1239. Aluminum Die Castings 
Bulletin on design and manufacture of 
iluminum die castings. Hoover Co 


1240. Aluminum Heat 


Treating 
8-page Bulletin 5912 on solution heat 


treating. annealing, stabilizing and aging 
of aluminum. General Electric 


1241. Aluminum Processing 
Article on gas fired furnaces for heat 
processing of aluminum in Heat Treat 
Review, Vol. 5, No. 3. Surface Combus- 
tion 


1242. Aluminum Welding 
Data on chemical composition of alumi 
num welding rods and electrodes. Arcos 
Corp 
1243. Ammonia for Heat 
lreat 

Booklets on “Applications of Dissoci 
ited Ammonia”, “Ammonia Installations 
for Metal Treating”, “Nitriding Process 
Carbonitriding”. Armour 


1244. Annealing Brass 

8-page Bulletin S-1049 on high-speed 
annealing of brass strip for improved 
ductility. Selas Corp 


1245. Atmosphere Furnace 
12-page bulletin on electric furnaces 
with atmosphere control for hardening 
high speed steel. Sentry 


1246. Atmosphere Furnaces 

Information on mechanized batch-type 
atmosphere furnaces for gas cyaniding 
gas carburizing, clean hardening or ca: 
bon restoration. Dow Furnace 


1247. Atmosphere Generator 
Bulletin 439 on exothermic atmosphere 
generators for converting natural gas 
manufactured gas, propane or butane 
W. S. Rockwell 


1248. Atmosphere Generator 
Bulletin on laboratory size dissociated 
ammonia generator. Boder Scientific 


1249. Atmospheres 

New 12-page bulletin on use of protec 
tive atmospheres to prevent deterioration 
of metals during various heat treating 
processes. General Electric 


1250. Atmospheres 

Bulletin 1-10 supplies technical info 
mation on inert gas generators and data 
on costs. C. M. Kemp Mfg 


1251. Austempering 
8-page booklet No. 500 on present status 
of austempering and martempering—de 
elopment, S-curve theory, reasons for 
austempering and martempering Ajax 
Electric Co 
1252. Beryllium Copper 
Bulletin 1 on available alloys, condi 
tions, tempers and tables of size and 
properties. Penn Precision Products 


1253. Beryllium Nickel 

4-page leaflet on high-strength, corro 
ion-resistant beryllium-nickel casting al 
loys. Be ryllium Corp 


1254. Black Oxide Coatings 


8-page booklet on black oxide coatings 
for steel, stainless steel and copper alloy 
Du-Lite 


1255. Blast Cleaning 
4-page bulletin on nonmetallic, dustleas 


mineral shot for blast cleaning. Baldwin 
Hill Co 


1256. Blast Cleaning 

24-page catalog 1210 on equipment and 
ecessories for Siast cleaning and duet 
control. Pangborn 


1257. Brass 

at book on properties and uses of 
brass forgings, sand castings, rods and 
machinings. Mueller Brass 


1258. Brazed Tubing 
12-page data book on brazed tubing 
made from copper coated steel. Bundy 


1259. Brazing Alloys 

Bulletin on application of six types of 
copper and silver brazing alloys i 
Wire & Supply 


1260. Brazing Aluminum 
12-page bulletin, ADR 45, on how 

torch braze aluminum and strengtl 
joints so brazed. Air Reduction Sales 


1261. Brinell Machine 


Inited 


Data on semi-automatic Brinel! testing 


machine. Detroit Testing Machine 


1262. Brush Selector 

Setting selector at brush diameter, = 
lection may be made in choice of stee! 
stainless, phosphor bronze, tampico ot 
cord. Fuller Brush Co 


1263. Calibrating Machine 
Bulletin 115 on calibrating system fo 

ccurate measurement of 
ces. Morehouse Machine 


1264. Carbonitriding 
Bulletin 241 on gas-fired radiant-tulbe 
rnace for carbonitriding and other heat 
eating. Lindberg Engineering 


mechanical 


1228. Grinding 
and Polishing 
Coated abrasive p lishing and 
grinding technics are the subject 
of this GO paige booklet. It is an 
0 articles 


issermblage ot on pro 


-~ 


hh 


iction engineering tor coated 
ibrasives ind includes such 
topics as coated abrasives theory 
ind practice contour polishing 
ind grinding, insick poli hing of 
rOoCOCSSCs and small ope mings, oon 
tact wheels part sizing and de 
burring, swing frame grinding 
lubric ion dis 


Behr-Manning Corp 


ibrasive belt 


grinding 


1265. Case Hardening 

julletin 159 describe tandard rated 
batch furnaces for case hardening. Sur 
ace Combustion 


1266. Castings, Bronze 
16-page booklet on 
stings 


1267. Chromate Finishing 

File on chromate conversion coating 
or prevention of corrosion and paint-base 
reatment of nonferr« Allied 
Research Products 


1268. Chromium Cast Iron 
48-page book on effects of romiun 
roperties of cast iron. Data on produc 

Electro Metallurgical 


ind and centrifug 
American Non-Gran Brones 


metals 


ion and uses 


1269. Cleaner 


Folder gives data on metal clean 
e with water in still-tank o 
vashing equipment. Solventol 


1270. Cleaning 
Deta sheets on acid a 
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Heating 5” diameter stainless -steel billets in a 
Magnethermic Induction Heater prior to extrusion. 


TEMPERATURE F 


2" 4" 6” 
DIAMETER OF BAR 





tion Heating equipment, low-frequency or high- 
frequency, through 10,000 cycles. Write to 
2 pratinc Magnethermic for bulletin or information about 
le los mait nCINnC j your specific questions. 
fl | Boor » ace, The equipment can 
an a “processing line, 
‘pre-he 5 just One minor step in HOUCTION yy 
area “This. is why modern pro- 
ging a j extrusion plants cre buying 


garde a of size of work or frequency, 
igne ‘builds the equipment to meet 
company specializes in Induc- 


0 THROUGH 10,000 cycLts 
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mote removal of scale and oxides from 
steel and iron. Swift Ind. Chem. 


1271. Cleaning 

Bulletin on equipment for cleaning and 
pickling of shell cases and other ordnance 
items. Alvey-Ferguson 


1272. Cleaning 
20-page bulletin 214 gives performance 
on Rotoblast cleaning. Pangborn 


1273. Cobalt Alloy 

12-page booklet, “Haynes Alloy No. 25,” 
tells of the unique properties of this co- 
balt-base alloy. Haynes Stellite 


1274. Cold Finished Bars 
Engineering bulletin, “New Economies 
in the Use of Steel Bars.” LaSalle Steel 


1275. Cold Treatment 

Bulletin on sub-Arctic industrial cabi- 
nets for metal treating and research and 
production testing. Toanen Eng’g. 


1276. Colored Coil 


Folder on aluminum, steel or other 
metallic coil finished in permanent colors 
Southern States Iron Roofing Co. 


1277. Combustion Control 

20-page booklet on combustion of vari- 
ous fuels and portable instrument to 
measure content of oxygen and combust- 
ibles. Cities Service Oil 


1278. Compressors 

12-page bulletin 126-A on application 
of turbo compressors to oil and gas-fired 
equipment used in heat treating, agita- 
tion, cooling, drying. Performance curves, 
capacities. Spencer Turbine 


1279. Continuous Casting 

24-page book, “Better by the Mile,” de- 
scribes how the Rossi continuous casting 
machine works. History of continuous 
casting. Scovill Mfg. 


1280. Controlled Atmospheres 

Bulletin 753 on generator for atmos- 
pheres for hardening, brazing, sintering 
and annealing carbon steels. Hevi Duty 


1281. Controllers 

20-page bulletin 2102 on application of 
controls and combustion safeguards to 
North American combustion equipment 
Minneapolis-Honeywell 


1282. Controllers 


48-page bulletin P 1260 on pyrometers, 
thermometers, control valves for furnaces, 
ovens, dryers. Bristol 


1283. Controllers 

80-page catalog 8305 on nonindicating 
electric, electronic and pneumatic con- 
trollers for temperature, pressure and 
humidity. Minneapolis-Honeywell 


1284. Copper Tubing 

24-page booklet on uses and properties 
of copper water tube, dryseal tube, red 
brass and copper pipe. Revere 


1285. Corrosion of Copper 

28-page booklet B-36 discusses corrosive 
attack on copper and copper alloys. Tabu- 
lation of their relative corrosion resist- 
ance. American Brass 


1286. 


Corrosion Resistant 
Alloy 

Data sheet compares corrosion rae 
ties of Elgiloy and stainless steel. Elgin 
National Watch Co 

1287. 


Corrosion Resistant 
Alloy 


20-page booklet on nickel, chromium 
molybdenum, iron alloy gives chemical 
composition, corrosion data, properties 
and welding characteristics. Haynes Stel- 
lite 


1288. Creep Testing 


6-page bulletin diagrams and describes 
dynamic creep testing machine. Ivy Co 


1289. Creep Testing 
Bulletin RR-13-54 on new creep testing 
machine. Riehle 


1290. Crystal Models 


Folder describes unique kit for con- 
structing crystal models. Harshaw 


1291. Cutting Oil 


Folder on sulphurized cutting fluid for 
a wide range of machining jobs. Gulf Oil 


1292. Cut-Off Wheels 


36-page revised manual on cut off ma- 
chines and abrasive wheels. Norton Co 


1293. Definitions 


36-page glossary of over 150 terms on 
cast iron. International Nickel 


1294. Degreasing 

34-page booklet on vapor degreasing 
Design, installation, operation and main- 
tenance of equipment. Circo Equipment 


1295. Degreasing 

New bulletin 953-1 on vapor degreasing 
and advantages Equipment Ramco 
Equipment 


1296. Desealing Process 

8-page bulletin on sodium hydride de 
scaling process for ferrous and nonferrous 
metals. DuPont 


1297. Descaling Stainless Steel 

Bulletin 25 on descaling stainless steel 
and other metals in molten salt. Hooker 
Electrochemical 


1298. Dew Point Control 

Bulletin No. 21-C on instrument which 
indicates, records and controls dew point 
automatically. Ipsen 


1299, Die Casting 


Bulletin on high-pressure hydraulic 


die casting machine. Convertible from 
hot metal to cold chamber machine 
Cleveland Automatic Machine Co 


1300. Die-Casting Machines 


Copies of “Lester Press” describe vari 
ous features of aluminum die casting 
machines. Lester-Phoeniz, Inc 


1301. Die Castings 


Set of five design standards for toler 
ances on die casting of zinc, aluminum 
magnesium and copper. American Die 
Casting Institute 


1302. Dilatometer 


Catalog Micro 8161 on equipment for 
thermal analysis of metals 
Leitz 


1303. Electric Are Furnace 

Carbon and Graphite News contains an 
article on the electric arc furnace, an 
appraisal for management National 
Carbon 


1304. Electric Furnace 

Bulletin on box-type, pre-heat and 
harcening furnace with automatic atmos 
phere contamination control Pacific 
Scientific 


1305. Electric Furnaces 
Brochure on electric heat treating 

melting, metallurgical tube, research and 

sintering furnaces. Pereny Equipment 


1306. Electroplating 

New bulletin on electroplating lists key 
characteristics of 16 processes. Hanson 
Van Winkle-Munning 


1307. Fatigue of Magnesium 
18-page paper, “Plastic Flow and Work 
Hardening *henomena in Magnesium 
Alloys During Fixed-Deflection Fatigue 
Tests”. Dow Chemical 


ceramics 
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All Your Copper and 
Brass Joining! 


Tubular 
Assemblies 
Stampings 

Screw Machine 
Parts 


Electrical Connections 
etc. 


PHOSON.O (rv Siver 


Industry s most popular alloy 


once tor brasing closely 


fitted copper and brow jounty where esceptonatly bow 
temperature not an umportant conmuderaton 


Highly Efficient! 


Most Economical! 


Use Phoson O for brazing ports of conmstently unitorm 


cleorances 





quubly, sately surety 


PHOSONG-6 6% sive) 


For really low temperature brasing and complete contrat 


A alloy How 


where masimum ductility and varying 


yout toletances are key bactors 
PHOSON-O (Ne Silver!) PHOSON 6 (6% Silver) 
These Two Alloys For All Your Copper and Brow jommg! 


Two Geod feosons Why PHOSON BRAZING ALLOYS 
Are Busier Thon Any Brazing Alloys in The Country! 


Wherever Metals Are Joined, Keep Them 


Uniteo Wine 


Bresmg Alley Orvisee 
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New Wheelco 
Model 402 Capacitrol 
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Typical recorder chart, above, illustrates 

results you can expect with Wheelco’s new 
Model 402 Capacitrol 
time-proportioning controller for applica 


- ‘anticipatory’ 


tions requiring fixed compensation for 
thermal inertia, 


»+- totally new and accurate 
time-proportioning controller 


If you want to minimize under- and over-shooting of temperatures in 


furnaces, ovens, and kilns get more uniform heat distribution .. . or 


control rate of fuel flow here’s the newest and most advanced instru- 


ment for the job! For, “anticipatory” action of the “Model 402” is 


produced directly within the packaged electronic control unit. There's 


no disturbance e to, or off setring of the me asuring circuit indicator 


always gives you the correct temperature value. Proportioning band is 


adjustable to a maximum equivale nt of l' of scale Total cycle time 1s 


adjustable from 5 seconds to 45 seconds. 


NEED MORE INFORMATION? 


Describes and illustrates new design features .. . new 
control forms and new cost-saving flexibility of 
Wheelco’s new 400 Series ¢ apac itrols, Write for your 
copy of Bulletin F-6314-1 today. 


WHEELCO INSTRUMENTS DIVISION 


Barber-Colman Company 


Dept. Q, 1518 Rock Street, Rockford, Illinois 
BARBER-COLMAN OF CANADA, LTD., DEPT. Q, TORONTO, ONTARIO, CANADA 


Industrial Instruments ® Autor tic € trolseAir Distribution Productse Aircraft Controlse Smal! Motors 


Overdoors and Operatorss Molded Products Metal Cutting Toolse Machine Toolse Textile Machinery 
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1308. Ferro-Alloys and Metals 
104-page book gives data on more than 

250 different alloys and metals produced 

by the company. Electro Metallurgical 


1309. Filler Metal 

New colored chart gives complete line 
of filler metals for welding, metal each 
is suited to, forms available and meth 
ods with which it is used. Arcos Corp 


1310. Finishes 

Experiences with various finishes for 
different products described in Glidden 
Industrial Review, Vol. 5, No 1. Glidden 
Co 


1311. Finishing 

52-page book “Advanced Speed Finish- 
ing” describes equipment for deburring 
and finishing. Almco Din 


1312. Flaw Detection 
Illustrated bulletin on Spotcheck, new 
dye-penetrant method for locating iT 
face defects, Magnafluz 


1313. Flow Meters 


Bulletin 201 on flow meter for gas used 
in heat treating. Waukee Eng’g 


1314. Forging Hammer 
New 20-page catalog on design feature 
and uses of electro-pneumatic hammer 


Lobdell United Division 


1315. Forging Lubricants 

New Bulletin 426-W1 on forging lubri 
cants of molybdenum disulfide Acheson 
Colloids 


1316. Forgings 

94-page book on die blocks and heavy 
duty forgings. 20 pages of table: A 
Finkl & Sons 


217 . : 
1317. Forming 

86-page book on equipment and proces 
of cold roll-forming. Wide sheets, na: 
row trim, tubular shapes, curving, coiling 
tooling needed. Yoder 


1318. Furnace Belts 

44-page catalog describes metal belt 
for quenching, tempering, carburizing 
und other applications. Ashworth Bros 


1319. Furnace Charging 

12-page brochure on eight models of 
charging machines for heating and melt 
ing furnaces. Salem-Brosius 


1320. Furnace Controls 

Catalog 53-1 on furnace and oven con 
trols including temperature controller 
recorders and indicators and safety con 
trol equipment. Minneapolis-Honeywell 


1321. Furnace Controls 

22-page booklet on instruments and 
controls for heat treating furnaces. Hays 
Corp 


1322. Furnace Fixtures 

16-page catalog on baskets, trays, fix 
tures and carburizing boxes for heat 
treating. 66 designs. Stanwood Corp 


1323. Furnace Fixtures 
Bulletin 111 on cast Ni-Cr fixtures for 
gas carburizing. Fahralloy 
1324. Furnace Pressure 
Control 
Bulletin 7404 on indicating furnace 
pressure controller and its uses. Minne 
apolis-Honeywell Regulator Co 


1325. Furnaces 

Series of bulletins on controlled at 
mosphere, carburizing, nitriding, hard 
ening furnaces. American Gas Furnace 


1326. Furnaces 

High temperature furnaces for tem 
peratures up to 2000° F. are described ir 
bulletin. Carl-Mayer Corp 





1327. Furnaces 
Catalog on furnaces for tool room and 
general purpose heat treat. Cooley 


1328. Furnaces 


8-page bulletin on continuous, car-type, 
reverberatory, recirculating and other 
furnaces. Demsey Industrial Furnace 


1329. Furnaces 
6-page folder on gas-fired, oil-fired and 
‘tric furnaces. Typical installations 
Etectric Furnace 


1330. Furnaces 

Bulletin describes 18 electric furnaces 
for research and small-scale production, 
with operating temperatures to 3000 
Harper Electric Furnace 


1331. Furnaces 
Data on electric furnaces of top or 
side loading types. Lucifer Furnaces 


1332. Furnaces 

Folder describes complete set up for 
heat treatment of small tools, including 
draw furnace quench tank and high tem- 
perature furnace. Waltz Furnace 

1333. Furnaces, Heat 
Treating 

32-page catalog on high-speed gas 
furnaces for heat treating carbon and 
alloy stee!s; also pot furnaces for salt and 
lead hardening. Charles A. Hones 


1334. Gas-Oil Burner 

Bulletin on closed flame gas-oil burners 
gives operation, capacities, dimensions 
Eclipse Fuel Engineering 


1335. Gold Plating 


Folder on salts for bright gold plating 
Equipment needed. Sel-Rez 


1336. Graphite Electrodes 
Vest-pocket notebook containing % 
pages of information on electric furnace 
electrodes and other carbon products. 
Great Lakes Carbon Corp 


1337. Handling Devices 
Pamphlets on clamps for lifting and 
handling. Their application to various 
industries. Merrill Bros 


1338. Hardness Tester 

Bulletin on Impressor portable hardness 
tester for aluminum, aluminum alloys 
and soft metals. Barber-Colman 


1339. 


20 page 


Hardness Tester 

bulletin cn use of portable 
hardness testers and accessories. Ames 
Precisi Machine 


1340. Hardness Tester 
20-page book on hardness testing by 
Rockwell method. Clark Instrument 


1341. Hardness Tester 

New bulletin on Wolpert-Gries Micro 
Reflex hardness tester for loads from 10 
to 3000 @. Gries Industries, In 


1342. Hardness Tester 

New 4-page folder on portable Brinell 
hardness tester which can be used in 
any position. Details of machine and its 
operation. Andrew King 


1343. Hardness Tester 

13-page booklet on microhardness tester 
with optional Vickers or Knoop diamond 
Geo. Scherr 


1344. Hardness Tester 

4-page bulletin on tester for both super- 
ficial and regular hardness testing or 
sion Balance Co 


1345. Hardness Testers 

Catalog of testers for normal! hardness 
superficial testing, accessory and special 
testing and micro and macro hardness 
testing. Wilson Mechanical Instrument 


1346. Heat Resistant Alloy 

10-page article on how to get best serv- 
ice out of standard grades of heat re- 
sisting alloys by proper selection. Rolled 
Alloys 


1347. Heat Resistant Alloy 


6-page bulletin on high-heat resistant 
muffes and retorts. Electro-Alloys 


1348. Heat Treating 


16-page booklet on cost accounting for 
heat treating. Metal Treating Institute 


1349. Heat Treating Ammonia 
24-page “Guide for Use of Anhydrous 

Ammonia” describes heat treating and 

other metallurgical uses. Nitrogen Div 


1350. Heat Treating Baskets 
12-page bulletin on wire mesh baskets 
for heat treating and plating. Wiretex 


1351. Heat Treating Fixtures 

24-page catalog B-8 on muffles, retorts 
baskets, other fixtures for heat treating 
in gas or salt baths. Rolock 


1352. Heat Treating Fixtures 

24-page catalog on heat and corrosion- 
resistant equipment for heat treating and 
chemica! processing. 39 classifications of 
equipment. Pressed Steel 


1353. Heat Treating Fixtures 
New folder on carburizing boxes, trays 
heat treat fixtures and baskets. Misco 


1354. Heat Treating Furnaces 

12-page booklet on various heat treating 
furnaces contains chronology of advances 
in heat treating furnaces. Holcroft 


1355. Heating Elements 

24-page Bulletin H on electric heating 
elements. Includes extensive tabular data 
on physical and electrical specifications 
for various sizes. Globar Div 


1356. Heliare Welding 

Pocket-sized folder contains current 
ranges and sizes for electrodes with table 
on current and number of passes re 
quired to weld various metals. Linde 


1357. High Alloy Castings 

New 16-page bulletin, No. 3354-G, gives 
engineering data concerning castings used 
for resisting hich temperatures, corrosion 
and abrasion. Duraloy Co 


1358. High-Strength Steel 

66-page catalog on Mayari*R steel. Ap 
plications which take advantage of its 
wear and corrosion resistance. Bethlehem 
Steel 


1359. High-Strength Steel 

26-page booklet on properties, uses, ap 
plications of high-tensile low-alloy steel 
Jones & Laughlin 


1360. High-Strength Steel 
48-page book on T-1 steel, its prop 
erties and applications. U.S. Steel 


1361. High-Temperature Belts 
24-page bulletin on metal 
belts. Wickwire Spencer 


1362. Indicating Controller 

Bulletin F-6314 on Series 400 Capacitro! 
for indicating and controlling tempera 
tures, voltages, current, speed and sim 
ilar variables. Wheelco 


1363. Induction Heaters 

New bulletin on low-frequency induc 
tion heating describes units for bras 
coppe titanium, steel, forgings, light 
metal extrusion presses. Magnethermic 


1364. Induction Heating 

12-page booklet B-6519 on equipment 
for induction heating for forging, hard 
ening, annealing and metal joining. West 
inghouse Electric 


1365. Induction Heating 
60-page catalog tells of reduced cost 


conveyot! 


and increased speed of production on 
hardening, brazing, annealing, forging ot 
melting jobs. Ohio Crankshaft 


1366. Induction Melting 
8-page article describes use of induc 

tion melting in improved technique for 

rotor-casting. Ajax Engineering 


1367. Induction Melting 
16-page booklet 14-B on high-frequency 
converter type furnaces for induction 
heating and melting of ferrous and non 
ferrous metals. Ajax Electrothermic 


1368. Industrial Fans 


Catalogs on various kinds of industrial 
fans exhaust, multiblade, backward 
curve, for high temperatures. Garden City 
Fan 


1369. Instruments 

New data sheets ND46-33 (100) to (104) 
on indicators, recorders and controllers 
Leeds and Northrup 


1370. Interference Microscope 
Bulletin B-602 describes new Zeiss in 
strument for fast nondestructive exami 
nation and photography for wave-length 
measuring of surface finishes in the order 
of one millionth of an inch down to 300 
Angstroms. Boder Scientific Co 


1371. Iridium Radiography 

8-page booklet on industrial radiog 
raphy with iridium 192. Method, advan 
tages, equipment. Gamma Corp 


1372. tron Phosphate Coating 

12-page book on how to apply iron 
phosphate coatings to steel in preparation 
for painting. Oakite Products 


1373. Joining 

Folder on Koldwelding tool and how 
t may be used for lap and butt welds 
Utica Drop Forge 


1374. Laboratory Furnaces 
Bulletin No. 310 on high temperature 


electric tube furnaces for laboratories. 
Burrell 


1375. Leaded Steel 

New 8&-page booklet on production of 
lead treated steels, their sdventanes and 
case histories of their use. Copperweld 
Steel Co 


1376. Leaded Steels 

Folder on lead-bearing, cold finished 
bars which machine about #0 faster 
than B1113. LaSalle Steel 


1377. Light Metal Heating 
New booklet on ovens for heat prox 

esting of aluminum 

titanium. Michigan Oven 


1378. Light Metal Heating 


8-page bulletin on furnaces and eauit 
ment for melting and heat treating light 
metals. Surface Combustion 


1379. 


magnesium and 


Liquid Level Control 
Bulletin 1161 gives basi 


principles of 
control and 
transmission. Minneapolis-Honeywell 


1380. Low-Alloy Steel 


6)-page book on high-strength low 
alloy steel, properties, fabrication and 
wes. U.S. Steel 


1381. 


liquid level measurement 


Low-Temperature 
Properties 
14 page bibliography of characteristics 


of steels at low temperature covers 1904 
to June 1953. Inco 


1382. Lubricant 
Literature on anti-seize molybdenum 


disulfide lubricant. Bel-Ray 


1383. Lubricant 


8-page folder describes use of molyb 
denum disulfide lubricant in cold form 
ng, cold heading and other application 
Case histories. Alpha Corp 
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1384. Lubricant 

Bulletin 103 on fringe area lubrication 
with molybdenum disulphide for high 
bearing pressures and various tempera- 
tures, Alpha Corp. 


1385. Magnesium 

42-page let on wrought forms of 
magnesium. Includes 31 tables. White 
Metal Rolling & Stamping 


1386. Magnesium Extrusions 

%6-page bulletin gives values of moment 
of inertia, section modulus and radius of 
gyration of bars, tubing, angles, channels, 
eee, zees and other sections. Dow Chem- 
ica 


1387. Magnesium Specs 
Bulletin DM12n on specifications of 
epvemnnent agencies, AMS, SAE, ASTM. 


ow Chemica 


1388. Magnesium Welding 
Reprint describes an investigation to 

evaluate inert-gas-shielded metal-arc 

welding of magnesium. Air Reduction 


1389. Malleable Iron 

“oy 51-B on metallurgy, treatment 
and at treated Seeperties of malleable 
iron. Surface Combustion 


1390. Master Allo 


- 
Bulletin on ceétaeade alloys for re- 
melt or reprocessing. Cannon-Muskegon 


1391. Melting Furnaces 

Spee Bulletin 560 describes stationary 
and tilting types of two-chamber meltin 
furnaces. RepSentions to all types of 
casting. Lindberg Engineering 


1392, Metal Cutting 


64-page catalog No. 29 gives prices and 
describes complete line of rotary files, 


burrs, metalworking saws and other prod- 
ucts. Martindale Etectric 


1393. Metallograph 


12-page book on desk-type metallo- 
graph. American Optical 


1394. Metallographic 
Equipment 
12-page catalog E-29 describes bright- 
field equipment for visual observation 
and photography. Bausch & Lomb 


1395. Metallurgical Apparatus 

200-page catalog of metallurgical ap- 
paratus: cutters, grinders, mounting 
presses, polishers, metallographs, micro- 
scopes, cameras, testing machines, ana- 
lytical apparatus, spectographs, furnaces 
accessories and supplies, and 250 recom- 
mended metallurgical books. Buehler Ltd 


1396. Microhardness Tester 


Bulletin describes the Kentron micro- 
hardness tester. Torsion Balance Co. 


1397. Mill Equipment 


Profusely illustrated journal featuring 
facilities available for production of roll- 
ing mills, steel castings and steel rolls 
Continental Foundry Machine Co 


1398. Moly-Sulphide 


Lubricant 
40-page booklet on Moly-sulphide lu- 
bricant gives case histories for 154 differ- 
ent uses. Climax Molybdenum 


1399. Molybdenum 

a-page brochure on properties of 
molybdenum, processing and use. Tabula 
tion of products and their characteristics 
Flow chart of manufacture. Sylvania 
Electric Products 








“I'll bet he's dreaming about his production with Columbia EXTRA 
Carbon Tool Steel."’ 


COLUMBIA TOOL STEEL COMPANY « CHICAGO HEIGHTS, ILL. 


Producers of fine tool steels — All types immediately 
available through Sales Offices, Warehouses and 


Representatives in Principal Cities. 
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1400. Nickel Alloys 

38-page handbook on wire, rod, strip of 
Monel, Inconel, nickel and nickel clad 
copper. Alloy Metal Wire Co 


1401. Nitrogen Atmosphere 

Bulletin on generator for producing 
pure nitrogen with a controllable hydro- 
gen content. Baker & Co. 


1402. Nonferrous Wire 

Folder gives wire gage and footage 
chart and data on beryllium copper, phos- 
phor bronze, nickel, silver, brass and 
aluminum wire. Little Falls Alloys 


1403. 


Nonflammable Rust 
Preventive 

Bulletin on rust preventive compound 
which is water soluble, nontoxic and non- 
flammable. Production Specialties 


1404. Oil Filters 

8-page Bulletin 101 on full flow oil fil- 
ters. Construction, new features, dimen- 
sions and specifications. Houdaille-Her- 
shey 


1405. Phosphate Coating 

8-page bulletin on how to apply zim 
phosphate coatings to steel in preparation 
for painting. Oakite Products 


1406. Phosphate Coating 

Bulletin on method of producing paint 
bonding and wear-resistant phosphate 
coatings. Pennsylvania Salt 


1407. Pickling 

80-page book “Efficient Pickling” cov- 
ers all variables of process. Many charts 
and tables. American Chemical Paint 


1408. Pickling Baskets 


Data on baskets for degreasing, pick- 
ling, anodizing and plating. Jelliff 


1409. Pickling Baskets 
12-page bulletin om mechanical picklers 
crates, baskets, chain and accessories 
Youngstown Welding & Eng'g 


1410. Plate Fabrication 

New 12-page bulletin on experience and 
facilities for steel and alloy plate fabrica- 
tion. Downingtown Iron Works, Inc 


1411. Powder Metallurgy 
Information on sponge iron powder 
Ekstrand & Tholand 


1412. Precious Metals 

64-page catalog of products made of 
precious metals, contact materials, plat 
ing solutions. Tables of data on precious 
metals. Baker & Co 


1413. Precision Casting 

44-page Catalog 53 covers every stage 
of the investment casting process. Alez 
ander Saunders 


> es . P 
1414. Precision Casting 

8-page bulletin on investment castings 
of various ferrous and nonferrous alloys 
Engineered Precision Casting 


= > os . . 
1415. Precision Casting 

12-page book on alloy selection and de- 
sign for precision casting. Arwood Pre 
cision Casting 


1416. Presses 


New general catalog and buyers’ guide 
to hydraulic presses and die casting ma 
chines. Lake Erie Engineering Corp 


1417. Pyrometer Supplies 
56-page Users’ Manual and Buyers 
Guide. Specifications, prices, thermocou 
ple calibration data. Bristol Co 


1418. Pyrometers 

New bulletin, “Temperature Indica- 
tions,” on basic facts about pyrometry 
and line of pyrometers. Illinois Testing 
Labs 


(Continued on p. 32A 





to keep 
a jump ahead 
of competition... 














SHARONSTEEL 


--.- your smartest move 
is to specify 


SHARON STAINLESS STEELS 


in large coiled strip 


Type 430 Stainless and Galvanite* Coated 
»oklets ore available from any Shoron office 


SHARON STEEL CORPORATION 
Sharow, Peantyloania 




















(Continued from p. 30) 


1419. Pyrometers 

8-page catalog No. 85 on optical pyrom- 
eter for plant and laboratory 
ter Instrument 


1420. Quenching 
New catalog on two small self-con 
tained quenching units. Bell & Gossett 


1421. Quenching Oil 

8-page booklet on applications and cost 
reductions in oil-quenching installations 
Sun Oil 


1422. Quenching Oil 

Technical bulletin on quenching oil and 
accelerators to provide Toone: hardening 
Park Chemical 


1423. Radiography 

16-page bulletin on materials and acces- 
sories for radiography. Density curves for 
four types of films. X-Ray Diw., Eastman 
Kodak 


Pyrome- 


1424. Radiography 
Bulletins JR and AR on one and two 


million volt by generator. High Volt- 
age Engineering Corp. 


1425. Rare Earths 

8-page Progress Report Number 1 
“Rare Earths in Iron and Steel Melting.” 
Molybdenum Corp 


1426. Recorder 


12-page brochure on new recorder for 
electric and eumatic transmission sys- 
tems. Bailey Meter Co 


1427. Recorder 


12-page bulletin on laboratory recorder 
that converts manual instruments into 
automatic, recording instruments. Fisher 
Scientific 


1428. Refractories 

12-page brochure on products for cast- 
ing special refractory shapes and for gun 
ning and troweling applications, for serv- 
ices to 3000° F. Johns-Manville 


1429. Refractories 

12-page booklet on gunning practices 
and BRI gun gives details of history, de- 
velopment and procedures in openhearth 
and electric steelmaking furnaces and 
other steel plant operations. Basic Refrac- 
tories 


1430. Refractories 

New 20-page bulletin on boiler refrac 
tories discusses basic requirements of re 
fractories, what causes refractories to fail 
various kinds of insulating firebrick. Re 
fractories Div., Babcock & Wilcox 


1431. Refractories 

Bulletin on refractory tile for slot typ« 
forge furnace lintel construction. J. H 
France Refractories 


1432. Refractories 

40-page book lists super-refractories for 
heat treating furnaces and gives data on 
use in different kinds of furnaces. Refrac- 
tories Div., Carborundum 


1433. Refractories 


24-page -booklet on how refractory 
grain is produced. Chemical and physical 
characteristics izes available, applica- 
tions. Norton 


1434. Refractory Cement 
Bulletin discusses refractories and heat 
resistant concrete. Lumnite Div 


1435. Refractory Mixes 


16-page bulletin 315 on properties and 
applications of sfllimanite super-refrac 
tory ramming mixes and furnace patches 
Chas. Taylor Sons 


1436. Restorer 

Catalog R-22 on restorer for detecting 
and correcting thermocouple circuit fail 
ure. Peerless Electric Co. 


1437. Roll Formed Shapes 

2A-page Bulletin 1053 on designing 
forming and producing shapes from fer- 
rous and nonferrous metals. Roll Formed 
Products Co 


1438. Rust Prevention 

72-page book on cleaning, preservation 
and packaging of metals. Causes of corro- 
sion. E. F. Houghton 


1439. Rustproofing 

Bulletin on compound for rustproofing 
ferrous metal parts. American Chemical 
Paint 


1440. Salt Bath Furnaces 
Data on salt bath furnaces for batch 
und conveyorized work. Upton 


1441. Salt Baths 

32-page booklet on heat treating in 
liquid salt baths. Properties of several 
liquid baths. E. F. Houghton 


1442. Selective Hardening 

Article on hardening 75 different parts 
in one heat treat department at Crown 
Cork & Seal Co. Ajax Electric Co 


1443. Shell Molding 


8-page technical bulletin on shell mold- 
ing process for stainless steel Cooper Al 
loy Foundry 
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1444. Sonic Thickness 7 
Measurement of wall thickne 
one side by sonic method. Branson 


144 


5. Spectro-Analysis 


italog V3 on excitation units f 
r or ectrochemica nalysi 
Ash 
1446. Spectrograph 

8-page booklet on optical « 

rect reading spectographs f: pro 
cont: und research. Applied R 
Labs 
1447. Spectrograph 


page bulletin FS-252 on all-el 

direct-readin spectrograph whi 
I I 

lyzes up to 65 different elements iz 


Fisher Scientific 


1448. Spectrometer 

16-page bulletin on application 
ponents, for mass spectrometer. ( 
dated Engineering Corp 


1449, Spectrometer 

Bulletin 42 on small direct reac 
strument for quality control on th 
dry floor. Baird Assoc 


1450. Stainless Applicati 

Bulletin on advantages of stai: 
the chemical industry; units made 
cation, design, alloys. Crucible St 
1451. Stainless Bars 

28-page technical book on 
steel bars includes processing hi 
tion about cutting, welding, forgi 
setting, machining, and heat treat 
legheny Ludlum 


1452. Stainless Fastenin; 
20-page catalog of stainless st 
crew nut washers, machine 


heet metals screws, set screws, | 
tings and specialties. Star Stainles 


1453. 
44-page book give 

on use of stainless stee 

industries. Crucible Steel 


1454. Stainless Steel 

32-page book on corrosion resis’ 
talaliens steels. 18 tables on tests 
neutral and alkaline solutions. | 
tional Nickel 


1455. Standards Index 
48-page publication lists and 
about 1500 standards, including n 
cal, electrical, chemical and me’ 
cal. American Standards Assoc 


Stainless Steel 
detailed info 
in the c 
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ickness Tester 
all thickness from 
10d. Branson vt 


nalysis 
ation units for pre- 
1 analysis. Jarrell 





raph 
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raph 
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jeter 

applications, com- 
trometer. Consoli- 
rp 


eter A 
| direct reading in- 


‘control on the foun- 500 LB/HR 
Applications CAPACITY 


ages of stainless in 
; units made, fabri- 
Crucible Steel 








Bars 

book on stainless 
yrocessing informa- 
elding, forging, up- 
d heat treating. Al- 


Fastenings 
stainless steel cap 
Ss, machine screws, 
set screws, pipe fit- 
Star Stainless Screw 
Steel 
jetailed information 
eel in the chemical 
teel 
Steel 
rosion resistance of Holcroft's new bantom-sized batch furnace for controlled atmosphere heat treating does a 
les on tests in acid, king-sized job at a low, low cost. An entirely new concept of batch operation, the furnace 
solutions. Interna- te 
offers new opportunities not only for small plants, but for large ones which have limited 
or varied production problems. The new batch furnace offers the same engineering know 


s Index how and quality that has made Holcroft the leader in heat treat development 

8. FM It can be adapted to run such typical cycles as: carburizing; carbonitriding; clean, neutral 
cal and metallurgi- and bright hardening; carbon restoration; normalizing; annealing; tempering and non- 
‘ds Assoc ferrous heat treating. 


Operation is simple—only two valves are involved. When the stock has completed its time in 
the furnace chamber it is lowered by an elevator, transferred into position for quenching, 
and lowered into the quench oil. Simultaneously, a previously-loaded tray of cold work 

moves onto the charge elevator and then up 







































into the furnace chamber. The operator may 
VITAL STATISTICS OF remove the quenched stock from the discharge 
FIRST CLASS HOLCROFT'S FURNACE door or load the furnace through the charge 
PERMIT No. 1595 4, Ganestty—con heat S60 tbs. gress por how to door at any time during the heating cycle 
R 1500 F. Flexible enough to be operated at tempera Quenching is fast and there is no loss of heating 
(Sec. 34.9 P.L. & R.) tures ranging from 400° to 1800 , : " 
Cleveland. Ohio 7 > a time loading or unloading. This arrangement 
: &. Gimensions—9 3 pe Agence men reduces atmosphere gas requirements because 
eohet, oa — = a eodea Shes. _— vestibule flushing takes place while the stock is 
4. Operation three pneumatic cylinders controtied being heated. 
Ba Bans paras valves. Can be made com An important feature of the new furnace is its 
Smeal —— 
— ‘. @ tenh—completely enclosed with built-in small floor space requirement. No pits ore 
Ce ceeiadll cooling Hot oi optional needed; the heat source is above the vestibule 
ps 6. Fan and Pump same size a5 on Holcroft's big —improving working conditions. 
fur nab ntrotied ol fi 
ee - a ae 4 ee HOLCROFT & COMPANY, 6545 Epworth Blvd. 
Daneel - Deers hinged at the bottom with operating lever , 
meee ai the side of furnace for greater safety Detroit 10, Mich. 
ee 
ici emeneniael 
Sa K:---- > PRODUCTION HEAT TREAT FURNACES FOR EVERY PURPOSE 
[AE E48 
}—--— CHICAGO, HLL. © CLEVELAND, OHIO © DARIEN, CONN. «© HOUSTON, TEXAS 
oememeneaindl LOS ANGELES, CALIF. « PHILADELPHIA, PA 
siete 


CANADA: Walker Metal Products, Lid, Windsor, Ontarie «+ EUROPE: SOF 1M, Paris 6, France 
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1456. Steel 5 
New stock list on 
ring forgings. Pete 


LIKE REVOLUTIONARY 1457. Steel 5 


Data sheet on h 


COST CUTTING PRESSES made by vacuum n 


1458. Stereo 

New 38-page Cat 

that operate with near-human of three-dimension 

. dustrial assembly | 

dexterity, super-human oratories. Bausch 4 
accuracy, speed and endurance 

: ~< Seraick 

and minimum human effort 1459. traigh 

24-page bulletin 


and attention to produce better pipe and tube anal 


products faster and more tary machines. Ma: 
C rally 
economically ; 1460. Subzer 


Catalog gives « 
on subzero metal 


Sub-Zero Product 
1461. Super 


Folder on molyb 
speed steel for us 
greater than with 
teel. Heat treatme 


1462. Telluri 






6-page pamphlet 


cold rolled strip steel... 1463. Tempe 


1464. Tempe 
Data sheets on 0} 
ature control anc 


Northrup 

1465. Tempi 
Basic Guide to 

plastic laminated 

Claud S. Gordon 

1466. ‘Testin; 


Bulletin 45 on p 





can heip reduce 
your manual costs! 


( MP's precision proce ing method hold oversize width and production ome 4 
- ee . and for research al 
gauge variations within exceedingly close limits (even as fine Olsen 
as 5” +> 003” x .067 ~ O11" if required), resulting in -_ van . 
1467. Testin, 
top parts yield per ton more feet per coil fewe}! 3ulletin on Brin 
production interruptions for coil replacement on automati« compre ion ten 
feed operation vers hydrostatic 
Steel City Testing 
less wear on dic fewer die change ind “reg va . 
| nce teagee 1468. Tin PI 
easier fitting and assembly fewe! oversize” reje Data on immersi 
le tedious “resizing” to make oversize parts fit a pure tin coatin, 
Technic 
More important in many cases, CMP Cold Rolled Strip 


Steel can be processed to restricted phy ical pecificatior 


to facilitate, consolidate or even eliminate labor-con 





iming 
production operations and handling. Ofte i mple spec 
fication change can do as much o1 ore t reduce ur 
cost than expen ‘ new equipme! t 

188 1214 1240 
A qualified CMP representative will be pleased to check you 199 #1215 1241 
flat-rolled material specification ind fabricating processe 190 1216 1242 


with a view to developing restricted specifications that will 
cut your end-product cost 


191 #217 1243 
192 1218 1244 
193 +1219 1245 
194 1220 1246 
195 1221 1247 
196 1222 1248 


CMP LOW CARBON 


HIGH CARBON 





WHERE YOU Annealed or Tempered 197 1223 1249 
speciric cpees. a STAINLESS 198 1224 1250 
ALLOY 1199 1225 125! 
FOR 

SPECIFIC JOBS ELECTRO ZINC COATED aa oa i--- 

1201 
1202 1228 1254 
Co aes, Pp | 1203 1229 1255 
| | 1204 1230 1256 
the d etal Products co. 1 | i205 i231 1287 


GENERAL OFFICES: YOUNGSTOWN 1, OHIO 1206 1232 1258 
1207 1233 1259 
1208 1234 1260 
1209 1235 1261 
1210 1236 1262 
211 1237 1263 
1212 1238 1264 
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SALES New York . Cleveland . Detroit . Indianapolis 
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Steel 52100 
stock list on 52100 tubing, bars and 
rgings. Peterson Steels 


Steel 52100 
sheet on high-purity 52100 steel 
y vacuum melting. Vacuum Metals 


Stereomicroscopes 
38-page Catalog D-15 shows value 
e-dimensional microscopes for in- 
l assembly lines and research lab- 
es. Bausch & Lomb Optical 


1469. Tinning 
Bulletin TC-43441 on electrotinning of 
copper wire. Baker & Adamson Products 


1470. Titanium Alloy 

Data on ternary alloy with 3 
num and 5% chromium gives physical 
properties, forging temperatures, high 
temperature characteristics. Mallory-Sha- 
ron Titanium 


1471. Titanium Bolt 
Bulletin 1473 contains chart and table 


alumi- 


1482. Water Softeners 

20-page Bulletin 2386-A on water soften- 
ers, specifications, operating characteris- 
tics and typical installations. Permutit 
Co 
1483. Welding 

Three bulletins on recently developed 
Fillerare consumable-electrode gas- 
shielded welding process. General Electric 


1484. Welding Alloy Steel 


44-page Data Book 4D covers all types 


of fatigue properties of titanium tension of welding of nickel alloy steels. Inter- 
Straightening bolt. Standard Pressed Steel national Nickel 
ge bulletin on how to straighten 1472. Titanium T ubing 1485. Welding Copper 
id tube analyzes two plane vo su New bulletin on two grades of titanium 24-page booklet on oxyacetylene, car- 
achines. Mackintosh-Hemphill tubing and pipe. Advantages and appli- bon-arec and metal-are welding tech- 
cations. Carpenter Steel Co., Alloy ube 


. Subzero Treatment 

og gives complete technical data 
wero metal treatment. Cincinnati 
ro Products 


. Super High Speed Steel 
“+r on molybdenum, 8% cobalt high 
steel for use at speeds 20 to 2 
than with ordinary high speed 
leat treatments. Firth Sterling 


Div 


1473. Tool and Die Steels 

26-page book on six oil and air harden 
ing steels for high-production tools and 
dies. Many uses illustrated. Bethlehem 
Steel 


1474. Tool Steel Heat Treat 
Bulletin LI47EE on electric furnace for 


niques for copper and copper alloys. Re- 
vere 


1486. Welding Equipment 


Catalog on Cadweld process and arc- 
welding accessories. Erico Products 


1487. Welding Rods 


Catalog lists metals, alloys, powdered 


metals and processed minerals and ores 


<a a bent twestment of hich meesd tel steal for the welding rod industry. Shieldalloy 
, Te vey opr r _ Hevi Duty 1488. Welding Stainless 

ie am Lie on yroper Ss UO J - a a . . » kL ee 

ma capper alloy ‘Chase Brass 1475. Tool Steel Selector 5-page Bulletin GET-1955 gives are- 


. Temperature Control 
ge Bulletin P 1245 on new elec- 
instruments for recording and in- 
g variables. Bristol Co 


. Temperature Control 
sheets on openhearth roof temper- 
control and recording. Leeds & 
up 


. Tempilstiks 

ic Guide to Ferrous Metallurgy,” a 
laminated wall chart in color. 

S. Gordon 


. Testing Controllers 

tin 48 om program controllers for 
tion and quality control testing 
r research and development. Tinius 


Twist the dial of the 9-in. circular se 
lector and read off the tool steel for your 
application. Crucible Steel 


1476. Tubing 

Data card 177 on analyses of carbon, al- 
loy and stainless tubing steels for ele 
vated temperature and elevated pressure 


service. Babcock & Wilcox 
1477. Tubing 

52-page “Handbook of Seamless Steel 
Tubing.” 26 pages of data. Timken 


1478. Ultrasonics 

Bulletin GEA-6239 on ultrasonic power 
generators for industrial cleaning equip 
ment. General Electric 


1479. Vacuum Metallizing 
Reprint “High Vacuum Metallizing of 


welding practices for 
General Electric 


1489. Wire Finishing 
Bulletin A-105 on continuous patenting, 


cleaning and coating of steel wire. Gas 
Machinery Co 


1490. Wire Mesh Belts 


130-page manual on conveyor 
belt specifications, metallurgical 
Cambridge Wire Cloth 


1491. Wire Straightening 
Bulletin 52-C describes precision ma- 
chine for straightening small wire with 
extreme accuracy. Applies to round wire 
0.007 to 0.125 in. diameter of ferrous or 
nonferrous metal. Continental Foundry 


& Machine 


stainless steels 


oesign, 
data 


Metals and Plastics.” Consolidated Vac 1492. X-Ray Equipment 
+, . P ’ Cor 12-page Catalog CH 322/23 o > 
/ esting Machines aye , es x A diffrac roe Pe f—* > yecsseng 
‘tin on Brinell hardness, ductility 1480. Vacuum Metallizing on 
*sSIONn tensile, universal, trans- 16-page booklet on properties of metal 1493. 


hydrostatic proving instruments 


lized coatings, the process, and advantages 


X-Ray Supplies 


))-page catalog of industrial X-ray sup- 





‘ity Testing Machines of metallizing. F. J. Stokes Machine plies and accessories. Westinghouse 
. Tin Plate 1481. Vanadium Products 1494, Zine Die Casting 
on immersion method of applying 12-page brochure on 25 steel, iron, alu New 24-page booklet on zinc for die 
tin coating on brass or copper minum and chemical products. Composi castings and applications of die castings 
p tion and applications. Vanadium Corp St. Joseph Lead Co 
May 1955 
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Another 
Norton 


on the job! 
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Cross-section of a Lithium Company two-sta 
metals for precision forging and rolling. 
tongue and groove tiles. Fired shapes of this same material form the side walls. Burner bloc 


Re hot atmosphere recuperative furnace for scale-free heating of ferrous and non-ferrous 
he segmented conduit, a Lithium Company design, is made of Norton CRYSTOLON 


is of ALUNDUM refractory material. 


Lithium Company specifies long-life ALUNDUM* and 
CRYSTOLON* refractory shapes for its atmosphere furnaces 


The Lithium Company of Newark, 
N, J., well-known builder of atmosphere 
furnaces, reports excellent results from 
Norton refractories. 

The Lithium designed refractory 
shapes are Norton crystToLon Silicon 
Carbide. They were selected for their 
hot strength, high refractoriness, thermal 
conductivity, and low thermal expan- 
sion. They give long, trouble-free serv- 
ice life at temperatures up to 2900°F. 
ALUNDUM refractory material was the 
choice for the burner block because of 
its high refractoriness and resistance to 
METAL 
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chemical influences at temperatures up 


to 3450°F. 


For your own furnace operations 


It will pay you to investigate how 
Norton R's engineered and pre- 
scribed refractories — can help you save 
time, work and money. See your Norton 
Representative or write to Norron 
Company, Refractories Division, 325 
New Bond Street, Worcester 6, Mass. 
Canadian Representative: A. P. 


Fire Brick Co., Lid., 


Green 
Toronto 5, Ont. 


REFRACTORI ES 
Engineered... 4... Prescribed 


Making better products. . . 
to make your products better 


*Trade-Morks Reg. U. S. Pot. Off. and Foreign Countries 

















60 fully documented 
case histories 


Facts on 
maximum pay load 


J -- 


Facts on 
lower corresion rate 


Facts on 
lower operating costs 


Facts on 
toughness, wear, strength 
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CLIMAX MOLYBDENUM COMPANY, Dept. 5 
500 Fifth Avenue, New York 36, N. Y. 


Please send me the 208-page handbook 
“Alloy Steels Pay Off” 


MAIL 
THIS TODAY 


lf you use steels, 
here’s the handbook 
you should have 


This fact-packed handbook is a must 


r 
4 
g 
| 
4 


for you if you use stee] Here in Com 

pletely documented form, you'll find 

how the use of alloy steels adds econo- 

mies, increases service life, offers many 

other advantages.* Cost-conscious ex 
ecutives will find the full story on these economies 
of alloy steel in the first section of the handbook 
Designers and metallurgists will find the advantages 
of alloy steels in the 60 case histories. Get your copy 
today. Climax Molybdenum Company, 500 Fifth 
Avenue, New York 36, N. Y. 











* Advantages of ALLOY STEELS 


e longer life * greater pay load 
e lower operating costs © greater safety 
e less maintenance 








LIMAX MOLYBDENUM 
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Torsion testing is not just one, but both directions—continvously and with only 
one set of grips . . . and that's only part of the trend setting story about the 
Double Torsion Testing Machine—a Tinius Olsen Exclusive. 





This Olsen torsion machine applies a twist of ‘'X'’ degrees in one direction of 
rotation and indicates the load on the SelecBrange dial. With the flip of a 
switch, the machine reverses, applies and indicates any desired twisting load 
in the opposite direction. At the same time a permanent record of all phases 
of the test can be made in BOTH directions of rotation with an Olsen Electrical 
Torsion Recorder. 

This amazing torsion machine with its double weighing system is made pos- 
sible by the Olsen SelecBrange electronic indicating system. The applied load 
is read directly in inch-pounds on the large 28-inch illuminated dial. Full dial 
scale is available for each capacity range in both clockwise and counter-clock- 
wise rotations. These features, coupled with unmatched ease of operation, and 
guaranteed accuracy are a few of the many reasons why your first and best 


choice for torsion testing is an Olsen Double Torsion Testing Machine. 





/88O TINIUS OLSEN 
OUR BU) ANNIVERSARY TESTING MACHINE CO. 


2030 Easton Road - Willow Grove, Pa. 


(955 Testing & Balancing Machines 
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to the Iron and Steel Industry 


Our half century of service to the metals 
industry has not been simply a matter of 
expanding productive capacity, nor pro- 
ducing more of the same. 


To a large extent, it has been a matter of 
developing new uses for materials. It has 
been a problem of finding better products 
at lower cost . . . of looking continually 
for ways and means to help the steel and 
ironmaker meet the demands of his cus- 
tomers for better metals. 


Consider our Research Center, for exam- 
ple. It’s the most recent addition in our 
expansion program designed to broaden 
our service to the metals industry. This 
service provides our customers with valu- 
able research information for solving 
alloy problems posed by today’s complex 
and highly specialized needs. 


Because a substantial increase in the use 


of ferro alloys is essential to meet these 
growing demands, we have expanded our 
alloy production facilities. We have mod- 
ernized and stepped up our mining and 
milling operations. Existing plants have 
been modernized. New plants have been 
built. Today—after a half century of 
steady growth—we are one of the nation’s 
largest producers of ferro alloys. 


Through our product diversification . . 
our fully integrated mining, milling and 
smelting operations .. . our research 
facilities, we have been able to meet and 
often anticipate the needs of the iron and 
steel industry. 


We take pride therefore in this half cen- 
tury of service. And we are pointing our 
resources and the energies of our people 
to another half century of service. 


VANADIUM CORPORATION OF AMERICA 


420 Lexington Avenue, New York 17, N. Y. 


Detroit Chicago 


Pittsburgh 


Cleveland 


SS 


Producers of alloys, metals and chemicals 
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The most ever offered in a 





The LESTER-PHOENIX HP-2'4X-SF 
for ALUMINUM DIE CASTING 


Now that this new Lester has taken its 
place in the industry, the conception of a 
400 ton die casting machine will have to be 
revised upward. The HP-2'2X-SF has size, 
shot capacity, speed and unusual ruggedness 
that makes it—on the basis of any compar- 


ison, including price—the leader in its class. 


The backbone of this exceptional machine 
is the solid steel frame assembly which, com- 
bined with the massive toggle links, develops 
400 tons of clamp—based not on designer's 
calculations, but on actual strain gauge tests! 
This basic structure, in turn, permits all of 


the outstanding features shown here. 


And there are many more: ranging from 
automatic hydraulic ejection to convertibility 
to zinc die casting. For complete specifica- 
tions write today to Lester-Phoenix, and also 
ask for regular copies of our house organ, 
“The Lester Press”. 


r 





The HP-2'/2X-SF is also offered with the Pre-Fill 
injection system, increasing maximum shot pres- 
sure to 32,000 psi and also increasing shot speed. 
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Large volume 
pumping system 
with 2000 Ib. 
booster pump 


















ASME approved 
nitrogen accumulator 





























Convenient control panel 
(JIC approved panel available) . 




















Completely exposed hydraulics 


meet JIC standards 














| 20 HP motor 














110 Gallon 
oil reservoir 
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One piece alloy 
steel frame 














Platen is 28” wide 
with 26” vertical clearance 
between beams 

















Single hand crank 
die height adjustment 





18/2" 
in top of frame 


x 52%" opening 




















Enormous beam area 
greater than 
62" tie bars 











12” die opening 














21,000 psi inaximum 
pressure on meta! 














Shot speed 





Two fixed 
shot positions 





control 

















Water cooled 
plunger tip 

















High speed double toggle 
linkage with hardened 
steel bushing and pins 

throughout 








REPRESENTATIVES 


New York 
Detroit 
Chicago 
Cleveland 
Coral Gables 


Steven F. Krould 
M. R. Tenenbaum 


Platen bolstered by 
large diameter 
adjusting screw 





Platen supported 
on hardened 
steel gibs can’t 








DIE CASTING MACHINES 


Seattle 
Cincinnat: 
Los Angeles 

St. Lewis, Milwaukee 


J. 3. Schmidt 
Don Williams 


Morton Machinery Soles 


Perine Machinery & Supply Co 


tip or sag 








Rigidly supported 
shot assembly 

















FOREIGN 


Ine Toront 
index Machinery Corp 
Machinery Seles Co 
A. 8. Geers 


Japon 
Stockholm 


Basle, Swit 


o, Canade 
Sydney, Australie 


Modern Tool Works, tid 
Scott & Holloday, lid 
Okura & Co, New York, inc 
Aktiebologet Servus 
Hermann Waltt 


Sweden 
terlond 


distributed by LESTER-PHOENIX, INC., 2619-G CHURCH AVENUE * CLEVELAND 13, OHIO 
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4-point service 


Westinghouse, manufacturer of gas, oil and elec- 
tric heat-treating furnaces, offers an expanded 
and comprehensive service to help you get maxi- 
mum speed, quality and dollar savings from your 
heat-treating operation. The savings realized 
stem from Westinghouse ideas, know-how and 
manufacturing Capacity. 

In scope, this service ranges from unbiased 
recommendations of fuel, equipment and control 
devices through manufacturing, packaged instal- 
lation and proper maintenance of your heat- 
treating system. 

Call your nearest Westinghouse sales office for 
complete information . .. ask for The Man With 
The Facts on industrial heat-treating. 


Les Gillette, Sales and 
Order Service Mgr., West- 
inghouse Industrial Heating 
Division, explains how this 
exclusive service brings 
greater economy to your 





heat-treating operation. 








Westinghouse engineers study your plant arrangement, Unique production line techniques permit close quality 
talk to company engineers and dig into every phase of checks on furnace manufacturer from point of initial 
your heat-treating picture. With unbiased recommenda- materials through final assembly and testing. Above is 
tions, these Westinghouse specialists often point out one in-line assembly and testing area in the Westing- 
new techniques that could improve operations. house Meadville plant. 








gives you more heat-treating 


per dollar... 


1. Engineering consultation and recommenda- 
tions — Westinghouse engineers, experienced in all 
phases of heat-treating, thoroughly analyze your 
problems firsthand. They'll talk things over with 
your engineers, then make unbiased recommenda- 
tions as to type of basic and auxiliary equipment 
most suitable for your needs. 


2. Skillful equipment design— Most of our design 
engineers have at least 14 years’ experience in the 
erection, operation and maintenance of industrial 
furnaces. This background of factory and field 
know-how makes advanced and skillful furnace 
design the rule at Westinghouse . . . design that 
assures heat-treating to highest quality, speed and 
economy standards. 


3. Quality manufacturing techniques — Furnaces 
tailored to your requirements are manufactured 
entirely within the Westinghouse plant on a pro- 
duction line procedure. This means close quality 
checks, by experts, during every step of assembly 

. + means packaged equipment and pinpointed 
responsibility. 


4. Unique packaged installation — Installation 
of completed equipment is done in one quick oper- 
ation. Everything is shipped intact . . . no assembly 
work required in your plant. Westinghouse instal- 
lation teams are thorough and efficient. What's more, 
Westinghouse engineers establish maintenance pro- 
cedure for you and check back periodically to assure 
peak efficiency from equipment. J-10458 


you can BE SURE...1¢ 175 


Westinghouse 


Westinghouse ships erected furnace sections with parts 
fitted and matched. This pre-packaged shipment saves 
you storage and handling problems. Westinghouse will 
supervise or undertake complete furnace erection and 
installation, thereby assuring peak operating efficiency. 


Put this service to work for you! 
For more information, mail this 
coupon or call your nearest 

! Westinghouse Sales Office. 


Westinghouse Electric Corporation 
3 Gateway Center, P.O. Box 868 
Pittsburgh 30, Pennsylvania 


[_] Please have your representative call 


(] Please send more information on your new 
heat-treating service 


Company 


Address 


*“e eeneeeeeee ee eeeeeeeeeeeee#ee#e 
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Whatever your furnace 


There’s good reason why more heat-treating 
furnaces everywhere are controlled by Brown 
instruments. First, of course, is performance .. . 
sensitive, precise control that meets the most 
exacting requirements of modern heat-treating 
techniques. And equally important is versa- 
tility. In this varied line of instrumentation 
you'll find just about everything a furnace 
could possibly need in the way of control. 


Choose ElectroniK Strip Chart Controllers for de- 
tailed, long-term records .. . and a selection of 
control forms including electric systems of the con- 
tact, position-propor- 
tioning (Electr-O-Line) 
eure li yo and time-proportioning 
, (Electr-O-Pulse) types; 
and pneumatic control 
from two-position to full 
proportional-plus-reset- 
plus-rate action. 


Choose ElectroniK Circular Chart Controllers for ease 
of scale reading . . . con- 
venient daily charts; in 
a full range of electric 
and pneumatic control 
forms. 


Note; the basic compo 
nents of all ElectroniK 
models are interchange- 
able .. . to simplify and 
speed up service 


Scale Controllers where 
you want readability 
and control check at ex- 
treme distance .. . with- 
out need for a record. 
Supplied with all con- 
tact and proportional 
types of electric control. 


Note: all ElectroniK 
models are available in 
both Standard and Pre 
cision Series 


Choose Pyr-O-Vane Controllers where you don’t 
need a record but do 
need precise vane type 
snap action electric con- 
trol by a millivoltmeter 
instrument...also avail- 
able with pulse-type 
time proportioning 
action, in both vertical 
and horizontal models. 


Choose Protect-O-Vane Controllers for simple, de- 
pendable excess temperature 
cut-off protection...can be used 
with any temperature control 
to prevent furnace shut downs 
and loss of production. 

. . . 
And for all your pyrometer sup- 
plies, investigate the conveni- 
ence and economy advantages 


of the HSM Plan. 


HA 


MAA 





Annealing of J & L 


high-strength tube 


utilizes precision 


Complete data on the 
many models of 
ElectroniK instru 
ments and electri 

and pneumatic control 
systems i8 8ummar 
ized in Catalog 1531, 
“Electronik 
Controllers.”’ Write 
for your copy today. 





ee 





Seamless pipe is heat-treated to high 
yield strength in this Rust furnace, 
under control of Electronik instru- 


ments shown on panel at right 


of ZlectnantiK tem perature control 


ESTINED for use in deep oil wells, high-strength The complete proportioning—plus—reset action 

seamless tubing made in Jones & Laughlin’s afforded by this control system makes adjustment of 
Aliquippa, Pa. plant is the product of modern metal heat input prompt and precise keeps heating and 
lurgical technology. One of the most critical oper- soaking temperatures right on the line regardless of 
ations in the production process is the initial heating, changes in rate of tube production, gas pressur 
which must be a good uniform soaking heat at 1600 F draft, outside temperature or any of the dozens of 
Then the pipe is quenched and put through a second factors which might cause variations 
furnace and tempered at proper temperature to 
give the high yield, toughness and ductility neces 
sary to meet the strength requirements for deep 
well pipe 


Whenever you're planning a new furnace or modern 
izing present equipment, plan to take advantage of 
the performance that ElectroniK instrumentation can 
give you. Complete, individually engineered control 
The high heat and temper furnaces are Rust Furnace systems are available to work with any furnace 
Company walking beam type furnaces. To get the whether fuel-fired or electric. Your local Honeywell 
required temperature precision, each furnace has sales engineer will be glad to discuss your specifi 
eight separate zones, each of which has its individual requirements ... and he’s as near as your phone 
ElectroniK control. The instruments incorporate MINNEAPOLIS-HONEYWELL REGULATOR Co 

Electr-O-Line electric proportioning control relays, Industrial Division, Wayne and Windrim Avenues 
which regulate the gas valves for the zone burners. Philadelphia 44, Pa.—in Canada, Toronto17, Ontario 


mM tN ™N ft a FPO tt 1's 

@ REFERENCE DATA: 
Ye Honeywell 
Oven Controls” and tor Catalog 1531, 


“ElectroniK Controllers.” BROWN iNSTRUMENTS 


"Trademark of Minneapol s Honeywell Regulator Company 











In soaking pits, Jobns-Manville Sil-O-Cel C-22 Insulating Brick 
provide outstanding performance as back-up insulation. 


Johns-Manville SIL-O-CEL C-22 Insulating Brick 


the diatomaceous silica brick that retains its high cold 
crushing strength of 700 psi throughout normal service range 


Because of its exceptional strength Sil- 
©-Cel C-22 Insulating Brick has gained 
wide acceptance as an all-purpose insu- 
lating brick. Iris especially recommended 
for soaking pits, open hearth bottoms, 
slab heating furnaces, hot blast stoves, 
coke ovens and other high temperature 
equipment. 

Millions of microscopic cells provide 
Sil-O-Cel C-22 brick with excellent heat 
resistance up to 2000F. It has a thermal 
conductivity of only 1.88 Bru in/sq ft/F/he 
at LOOOF mean temperature. In addition, 
with a density of 38 lb/cu ft, it is light and 
easy to handle. 


For direct exposure or back-up to 
1600F, use Sil-O-Cel 16L Insulating 


JM) Johns- 
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Manville 


Brick. This newest member of the J-M 
diatomaceous silica insulating brick 
family has less than 0.1% reversible thermal 
expansion at 1600PF, Conductivity is 1.07 
Btu in/sq ft/F/he at LOOOF mean temper 
ature with a density of 33-35 Ib/cu ft 
Cold crushing strength is 350 psi. Sil-O- 
Cel 16L serves equally well as back-up 
insulation or exposed refractory lining. 


For back-up at higher temperatures, 
specify Sil-O-Cel® Super Insulating Brick 
with an unusually high temperature limit 
of 2500F 

W rite today for further information on 
Sil-O-Cel Insulating Brick and Insulating 
Fire Brick. Ask for Brochure IN-115A 
Address Johns- Manville, Box 60, New 


York 16, N. Y. In Canada, 565 Lakeshore 
Road East, Port Credit, Ontario 


“a INSULATION 


MATERIALS “ENGINEERING - APPLICATION 








\" HERE’S THE 


HEA vy pul YOU NEED 


FOR HEAVY LOADS 


Nothing like it built before! It's the new Wissco Rod Re- 
inforced Alloy Belt made from 4" rods — a high temperature 
processing belt that’s extra big and rugged to carry heavy 
loads with long-lasting freedom from breakdowns and ser- 
vice interruptions. It will pay you to investigate the big 
advantages you get with Wissco's big heavy duty bell. 


Let us know your requirements. We can supply this belt in 
any alloy to meet your particular heat conditions. 


PRODUCT OF WICKWIRE SPENCER STEEL DIVISION 
THE OLORADO F 

























































































Complicated investment cast magnesium 
parts exclusively from Arwood 





Shapes impractical or expensive to obtain by conventional methods can (- 
now be produced economically by investment casting in magnesium 

as well as other metals. Arwood can cast, at substantial savings to 
you, complex parts in difficult-to-form alloys. : 
Arwood’s investment casting process quite often makes possible CASE STUDY 
casting several sub-assemblies into a single part. On many parts, long 


cored sections can be cast with no draft. Dense, fine-grain parts METAL: Magnesium (QQ-M-55 Comp. AZ-92-A) 


> 


require only minimum machining. PARTS: Desi eidiieat ian a : 

. gned gle unit. 
Our engineers will be pleased to go over your parts problems with : 
you and help cut your own costs. Why not submit parts or prints to us QUALITY CONTROL: Chemical and Physical 
for quotations? Consultation is free of obligation, of course. affidavits furnished. Test Bars submitted. 
Write for free literature describing the investment casting process Produced under X-ray control. 


_ 
- 


ELELSVY GOD ADVANTAGES: (as investment casting) Cost a 
drastically reduced. Light weight. Smooth 
PRECISION CASTING CORP. surfaces—no welding seams or parting lines 


73 WASHINGTON STREET © BROOKLYN 1, W. Y. J 














PLANTS: Brooklyn, N. Y.; Groton, Conn.; Tilton, N.H.; Los Angeles, Calif. 
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Thompson Wire Company 
anneals cold rolled strip with GAS 


These are Gas-fired annealing facilities at Thompson 
Wire Company, Baltimore, Maryland. Here, modern 
industrial Gas equipment anneals cold rolled strip and 
assures proper quality for a variety of applications. 
Coils of strip are placed one on top of the other on 
a stationary base. Then, a portable Gas-fired bell 
furnace is lowered over the stacked coils. Twelve 
Eclipse Gas burners heat the coils to the proper an- 
nealing temperature in a prepared inert gas atmosphere 
released from inner cones. After firing, the furnace is 
lifted from the base and replaced with a cooling hood 


which helps slow down and equalize the cooling rate. 
Finally, the hood is removed and the coils of strip are 
lifted from the base. 

With Gas, Thompson Wire Company can anneal up 
to 50,000 pounds of strip in 36 hours. Thompson Wire 
also uses Gas for water heating. 

For further information on how Gas can help you in 
your heat treating operations, call your Gas Company 
Industrial Specialist. He'll be glad to discuss the econ- 
omies and results Gas and modern Gas-fired industrial 
equipment can provide. American Gas Association. 
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Electric furnace roofs at 


THE TIMKEN ROLLER 
BEARING COMPANY 


At the Steel and Tube Division of The Timken Roller 
Bearing Company, electric arc furnace roofs are laid 


with Tayco-40 Silica Cement. The advantages are many 


Tayco-40 is nearly as refractory as the best 
grades of silica or super-duty silica brick. 


Silica brick and shapes are more easily fitted 
with all voids and irregularities well filled. 


Roof life is prolonged. Thin, tight joints pre- 
vent brick from slipping out of place when 
in service. Spalling is retarded. 


Tayco-40 has excellent water retention 
properties. It is the most workable silica 
cement obtainable. Less cement is used; 
Phote courtesy of 


joints are thinner, tighter. 
The Timken Roller Bearing Company 


Tayco-40 is used and endorsed by superintendents of leading steel mills for 
lengthening the life of silica electric furnace roofs and side walls; for open- 
hearth furnace roofs, and all other places in open-hearths where silica brick 
are used. Try Tayco-40 for your next rebuild. Detailed data given in Bulle 
tin No, 507. Ask your Taylor Field Engineer or write direct for your copy 


yoo By AND SUPPLIES, LTD. we , The ss a4 AS. TAY LOR SONS Co, 


Hamilton and Montreal / A SUBSIDIARY OF NATIONAL LEAD COMPANY 
REFRACTORIES SINCE 1864 + CINCINNATI * OHIO « USA 
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HRALLOY | 


ON SOLUTION POTS 


at 


—— 


5.939. AVEH S.auaHL 2UFHM AOTIVUHVA S.3NTHL AVIH S.3NSHL 29H 


Once again Fahralloy demonstrates with positive action its 
leadership in the alloy field with sweeping price reductions on 
most sizes of solution pots. This major step in pricing came 
about as a result’of a review by Fahralloy management of the 
whole cost picture ranging from material purchasing through 
production methods. Fahralloy is proud to be able to announce 
these price reductions, and proud to be able to make them with- 
out sacrificing product quality in any way. Here, once again, 
is clear evidence that proves why you can always look to Fah- 
ralloy for leadership in the alloy field. Send for a firm quota- 
tion today. 


W rite for Fabralloy Solution Pot Bulletin 110 for detailed in- 
formation. 


HE FAHRALLOY CO. 


150th & Lexington Ave. — Harvey, Illinois 
in Canada — Fahralloy Canada, Ltd., Orillia, Ontario 
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ightness in equipment saves manpower 


when materials are on the move 


That's why magnesium is being used more and more to 
build lightweight but rugged materials handling equipment 

to save manpower. Dockboards, platform trucks and 
hand trucks are just a few of the many applications where 
magnesium’s light weight has increased efficiency and 
saved money. 


One fourth the weight of steel, one third lighter than 
aluminum, magnesium has simplified design problems 
while maintaining maximum strength required. Fabrica- 
tion is also ed easier by the excellent weldability, 





forming, drawing and machining characteristics of magne 
sium. 


To the equipment purchaser, “Made of Magnesium” 
assures peak efficiency in operation. To the equipment 
manufacturer, magnesium has become the key to more 
useful products, greater volume and complete customer 
satisfaction. 


For further information about magnesium, call your 
nearest Dow sales office, or write to THE DOW CHEMICAI 
COMPANY, Midland, Michigan, Dept. MA 317F, 


you can depend on DOW MAGNESIUM 
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TOME know - how makes the difference... 
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Advanced know-how makes the difference 


Hitting the target in any field of endeavor is the result 

of know-how based on experience and experiment . . . of knowledge, 
skill, imagination and an intangible spirit that seeks perfection. 

These are the things which make the difference between 

routine and creative handling . . . between success and failure. 
Here are the highlights of casting methods which show hou 
advanced know-how at Cooper Alloy has made it 

possible to produce intricate stainless steel parts to quality 


standards formerly considered impossible. 


SHELLCASTe 


The development of methods for producing cast shapes in 
thin, light weight, resin-bonded shells represents a most 
revolutionary change in the foundryman’s art. Like most 
inventions it was born of the necessity to produce molds 
faster, more economically and with greater accuracy . . . and 
to cast parts to closer tolerances, with superior surface 
finish, greater legibility of markings and better appearance, 
as well as with thinner sections, small cored holes, well 
detailed contours, minimum draft and intricate recesses. 
These advantages are available to design engineers and manu- 
facturers who take advantage of our advanced know-how and 
specify—"Shell-cast by Cooper Alloy” —for their stainless 
steel components. 


SHELLCORE 


In some cases the interior surface of the casting is even 


JET ENGINE SUPPORT — produced by Shelicast® INSTRUMENT HOUSING — produced by combining JET AFTERBURNER COMPONENT—produced by core 
method, in alley type 18-65M0O (316)—modified. Shelicast® and shellcore methods, in alloy type 18-85 mold methed, in 12% chrome alloy (tool steel). Weight 
Weight 35 Ibs, (302). Weight 1 tb. 1) tbs. 
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more critical than the exterior, and the core rather 
than the mold, becomes the big problem. The answer 


lies in the production of hollow cores by the most in- 


tricate methods. Specially designed metal core boxes 
are used in conjunction with core blowing equipment 
to produce hollow “shell cores” of superior accuracy 
and fine detail. These cores fit the mating molds much 
more closely than sand cores ever could. When it 
comes to extremes of tolerances—inside and out 

Cooper Alloy advanced know-how with shell molds and 


shell cores makes the difference. 


COREMOLD 


For most castings, the standard sand mold is adequate, 
but when specifications demand extreme smoothness 
of surface and close matching of many components, 
the use of special core mold assemblies becomes neces- 
sary. Core sand can be baked hard and when used for 
making molds it produces an excellent mating surface 
for cores and assures extra smoothness to the casting 
surface. Coremolding is a technic widely used for air- 
craft parts where intricate sections have to be mated 
and tolerances are close. Cooper Alloy advanced know- 
how puts coremold methods at your disposal. 


CENTRIFUGAL CASTING 

Casting centrifugally is a procedure offering very spe- 
cific advantages, including the ability to cast very thin, 
light weight airfoil sections. The spinning action pro- 
motes favorable directional solidification and helps 


purge castings of impurities. Whether made in metal 
molds or in sand, castings by the centrifugal method 
meet highest quality standards, particularly when 
backed up with the Cooper Alloy advanced know-how 
which has grown out of an unsurpassed intimacy with 


the process ever since its inception. 


SAND CASTING 


The heart of the foundry industry still lies in the pro- 
duction of quality castings in sand molds, But so 
important is the engineering, the patternmaking, the 
heading and gating, melting, molding, pouring, heat 
treatment, pickling . . . so critical is the use and appli- 
cation of x-ray, zyglo, gamma ray, pressure testing 
so variable are the multiple of control items involved 
in the pouring of almost thirty different high alloys 
. that even in the production of castings by “con- 
ventional methods’’ quality depends on experience, 
Here too, Cooper Alloy leadership is your guarantee 
of the advanced know-how that makes the difference. 


Our search for new and better ways to produce quality 
stainless steel castings more economically, for new 
materials to resist corrosion or abrasion, for new pro- 
ducts to answer the needs of the process and metal- 
working industries . . . goes on continually, Research 
links us with tomorrow and assures you of the best in 
thinking, the best in technology. Cooper Alloy advanced 
know-how can make the big difference in your product. 
Your inquiries are invited. 





SUPERCHARGER DIAPHRAGM — produced by centri- JET ENGINE RING—produced by centrifugal method CHEMICAL AGITATOR — produced by send costing 
fugal casting method using coremolds, in alloy type using permanent mete! molds, in alloy type 23-127W method, in alloy type 16-85 (302). Weight 2500 lbs 


25-20 (310). Weight 25 tbs 


CORPORATION «+ HILLSIDE, N.J, 


Foundry Products Division 


MAY 1955; PACE 51 





for rapid 
evaporation 
of solvents of 
low volatility 


THE 


RINCO ROTATING VACUUM-TYPE EVAPORATOR 


(Patent Applied For} 


@ For speeding up routine evaporations. Handles volumes from | c.c. to 1000 
c.c. Principle utilized — rotation of flask spreads out thin film over large area (diameter of flask) 
subjected to negative pressure. “Bumping” eliminated. Use of glass beads unnecessary. Rate of 
evaporation increased 4 to 5 times, depending on solvent used. Particularly advantageous with such 
solvents as water, dimethylformamide, etc. 30 mi. of water at 20° C will be evaporated in 30 
minutes or less. Very useful with heat sensitive compounds and biological extracts since no temper- 
ature increases are necessary. Evaporator will, of course, operate satisfactorily at higher evapora- 


tion rates with increased temperature, when sample characteristics permit application of heat. 


Evaporator consists essentially of a stainless steel shaft with a machined Standard 
Taper 19/38 joint at lower end. Shaft rotates on oilite bronze bearings within stainless steel housing 
having Standard Taper 12/30 take-off leading to vacuum pump or aspirator. Vacuum pump and 
trap are recommended for best results, but can be used with aspirator. Flask attached to Standard 
Taper joint at lower end of shaft rotates at approximately 60 r.p.m. by means of special motor. 
Standard Taper 19/38 joint accommodates smaller capacity flasks, i.e., 50 ml. H-63620 Reducing 
Adapters, Pyrex Brand Glass, permit use of larger flasks having Standard Taper 24/40, 29/42 


etc. Entire apparatus can be easily disassembled for cleaning. 


; 


Note: Support stand, Can be adapted to single or multiple units. 
4 nd gl 
pes ection H- 21655 —Rinco Rotating Vacuum-type evaporator complete 


be ordered separately. with motor and cord for use on 115V 60C, A.C... . $96.50 


HARSHAW SCIENTIFIC 
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Metal : “ 


s BULLETIN 


Pro ZVeSS 








Upton 


. OFFERS 
the most advanced 
Salt Bath Furnaces 

PEM sees 
BATCH 


TYPE 
WORK 


° 


CONVEY ORIZED 
TYPE 
WORK 


° 


ALUMINUM 
BRAZING 


_ UPTON ELECTRIC FURNACE CO. 


16808 Hamilton Avenue 
Detroit, Michigan 
Phone: Diamond 1-2520 




















BOARD 


avert: 


Every Heat Treating 
Process 


* 
CONTROLLED 
ATMOSPHERES 
* 
DIRECT FIRED 
* 
CIRC-AIR DRAW 
FURNACES 
* 
CIRC-AIR NICARB 


(CARBONITRIDING) 





<= Oo » 
Specially Engineered 
for 
Your Particular Needs 
° 


GAS © OIL © ELECTRIC 


INDUSTRIAL 
HEATING EQUIPMENT 








THE BUYERS GUIDE FOR METALS ENGINEERS 


Series 8055 


A NEW DUAL FURNACE 
BY LUCIFER 


This series combines two independent 
furnaces in “oe same space ormerly 
occ ccupie ed by a single ~ iro Bec h fur 

is merollec adepe endently, per 


mitting harde enin und dra awi rations 
to be performe ~ at one —b the sar 
me 


Aw is type - pe agree can also be supplied 
a a he rder and a pre-heating com 

bi in 
m at standard sizes, with special sizes to 
eet your requirements also available 
in omati omtrols are included on all 
furnaces “oO uenc h tank conveniently rolls 

un de er r fuene ce when not in use 


WRITE FOR PREE LITERATURE, 


in wide range 
wean M Lovee 
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DEMPSEY 
FURNACES 


GAS, OIL AND ELECTRIC 


BATCH @e CONTINUOUS 
A complete summary of Hays products applicable to 
processes such as annealing, brazing and calorizing. 
Scope includes various methods of firing (under- e 
fired, overfired, sidefired), fuel burned (gas, coal, 
ofl), and type of furnace (continuous, rotary hearth, ATMOSPHERIC - RECIRCULATING - 
slab heating, etc.). PUSHER — ROTARY HEARTH — 


CONVEYOR —RADIANT TUBE - POT 
Hays complete line of draft gages, flow gages and 
meters (for high and low pressure gases and liquids), CAR-BOTTOM- ALUMINUM REVERBS. 
portable gas analyzers and automatic CO, recorders **Tailored by Dempsey” 
are covered. » . 


Write for bulletin 51-750-61 


— 
x} 
; ) On xb 
DEMPSEY INDUSTRIAL FURNACE CORP. 
ul ee 


FOR CATALOG... 
HELPFUL INFORMATION 


b ouiche 99, LUNGS Sig. 


yer. i $83 


LIST Ne 12 ON INFO 


| BRIGHT HARDENING SPECIALISTS | 
r 


~~ 


— eb 


er eane 





HESE Stainless Steel Aircraft 
Hardened at 2000° and Over, 
Sparkling Bright With Ne Apprecia 

Change... 
Craftemanship and Exclusive Pree 
YOUR SAMPLES PROCES*ED FREE OF CHARGE" 


STANDARD STEEL TREATING CO 


vt AVE )ETROIT 10. MICH 























$ iolists in Process Carri 19 
pec sts in i MS es 32 TAshmoe 5-0600 


LIST NO. 114 ON INFO-COUPON PAGE « ST NO. 4 ON INFO.COUPON PAGE 6 
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| For positive —— of steel and iron 


USE sWwiFT BLACK! 

For efficient metal cleaning 
USE SWIFT METAL CLEANING 
COMPOUNDS! 

For certain rust prevention 
USE SWIFT RUST 
PREVENTATIVES! 

For heat treating 
USE SWIFT SALT BATH! 


For quenching 


USE SWIFT QUENCHING OILS! 


Send TODAY for descriptive litera- 
ture and technical data sheets. 














Ree LICK 


QUEOUS SYSTEMS 


I Grade ‘C-W-25" 


Non-flammable 
Non-toxic 

Aqueous Oily Film 
Protects Ferrous Parts 
for long Periods 
Indoor Storage 


Write for free somple ond peospere 
pecity Grade ‘C-W-2 





PRODUCTION SPECIALTIES 
4 BOYLST TREE 


LIST NO. 121 ON INFO-COUPON PAGE 





=F 


the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 

Quenching Oils with 

QUENZINE added 

Por information on 

this new additive and 

other Beacon Brand 

Heat Treating Com- 

pounds write to... 


ALDRIDGE 
INDUSTRIAL OILS, Inc. 


3401 W. 140th Gt, Cleveland 11, Obie 





FABRICATED MONEL 
PICKLING EQUIPMENT 
¢ Hairpin Hooks * Sheet Crates 
* Steam Jets * Chain 
¢ Mechanical Bar, Tube and Coil Picklers 


THe YOUNGSTOWN WELDING & ENGINEERING CO. 


Pier © oe 2enent ae ae: 





Oente Ech Beek 2 wen eae 


IST NO. 94 ON INFO-COUPON PAGE #0 





CIRCO VAPOR DEGREASERSW'9'9¢ 
SINCE 1923 or small—automatic or manual oper- 
ation 


ciRCO METAL PARTS | WASHERS 
custom engineere vil your pro 


duction needs 


CIRCO-SONIC DEGREASERS —— 


est development—cleaning by ultra 


EQUIPMENT COMPANY sonic vibration 


122 Central Avenue, Clark (Rahwoy),N. J. CipCoO.sOLY (Trichlorethylene) and 
PER-SOLV (Perchlorethylene) — high 


purity, low-cost solvents 


Offices and warehouses in principal cities 








FREE! Write for 32-page CIRCO/ Degreasing Manual 


LIST NO. 10 ON INFO-COUPON 





for all 
industrial 
a requirements 


for de-greasing — pickling 
anodizing — plating 
materials handling 
small-parts storage 


of any size and shape — 
any ductile metal 
by 


THE C. O. 





MFG. CORP. 
28 Pequot Road 
| Southport, Conn. 
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Bodice 


The Marlin Firearms Co., “Famous 
for Fine Guns since 1870", has long 
depended on Du-Lite black oxide 
for an attractive finish that will 
be dimensionally stable throughout 
the life of the gun. 


The Du-Lite process provides intri- 
cate precision parts with a durable, 
rust-resistant black oxide finish. 
And since Du-Lite penetrates the 
metal, all crevices and knurls are 
protected without affecting dimen- 
sions or fit. 


If your target is durable, 
attractive, economical 
| finishing, you'll want to 


know more about Duvu-Lite black 
oxide. 


Whatever your cleaning or finishing 
problen—Depend on Du-Lite. 


Write for complete information. 


DU-LITE CHEMICAL CORP. 
MIDDLETOWN, CONN, 

Send more information on Du-Lite 

Send information on metal finishing products. . 
Have your representative coll 


ro ktm Bias 


NI ‘ Pt 


Lisl NO. 103 ON INFO-COUPUN rAuc ow 
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HOW TO DO 
BRIGHT GOLD 


TESIXEMI BRIGHT GOLD PROCESS 


without scratch FOR INDUSTRIAL and 
brushing or DECORATIVE USES 
1. Exceptionally hard deposits — twice 
the hardness of conventional 
gold plating. 
fete) Ss) 2. Operates at room temperature — re- 
SILVER quires absolute minimum control. 
8S. Excellent metal distribution and 
RHODIUM “throwing power.” 


SEL-REX PRECIOUS METALS, INC. 
Dept. BB, 229 Main Street 
Belleville 9, N. J. 


buffing! 


08 ON INFO-COUPON PAGE 60 











TECH-TIN applies pure tin plate in 5 to 60 seconds, by immersion 
only. Without electrical current or expensive equipment, this simple 
immersion method deposits a pure tin coating on brass and copper sur- 
faces at room temperature. Low-cost Tech-Tin quickly provides a good 
soldering surface and mild protection against corrosion — enables the 
utilization of pure tin on products which hitherto could not be coated 
because they could not be subjected to the heat, acid and duration of 
other methods of tin deposition. Recommended for parts identification, 
decorative effects, inside coating pipes and tubes, etc. Preferred method 
for economical bulk finishing. Tech-Tin is a new product of Technic, 
Inc., originator of scientific electroplating of precious metals and 
supplier of plating solutions — largest enterprise of its kind in the world 
For prepaid sample one-pound order of Tech-Tin with instructions for 
rapid immersion plating, send $2.00 or purchase order to TECHNIC, 
INC., 39 Snow Street, Providence, R. L. 


Advertisement Advertisement Advertisement 














RUSTLIC 


QUEOUS SYSTEMS 


Grade "B” 


FERROUS Possible? 
METAL PROCESSING 


iminat see This ician’s illusion con be per- 

Elimina pad formed wi # the use of supporting wire 

Rust — yet wire is used in the oct. WHERE? 

< Why to reinforce the Papier-mache dummy 
Fire Hazards erog 


For quality non-ferrous wire, for veval 


Toxicity or unusual purposes, consult L. F. A 


ey BERYLLIUM COPPER TITANIUM 
Dermatitis alah tak  mae_«~ 


Degreasing OTHER NON-FERROUS 
Write for free somple ond brochure Send for descriptive folder. 
werarnrerrTr LITTLE FALLS ALLOYS 
ODUCTION SPECIALTIES, INC INCORPORATED 
755 BOYLSTON STREET means} 193 Caldwell Ave., Paterson 1, N. J. 


BOSTON 6 MAS‘ 











LiST NO. 105 ON INFO-COUPON PAGE 60 








WRITE, WIRE of PHONE 
FOR YOUR CATALO 


Today 


STAIMLESS STEEL 


Wer Sterniess 
screws have 
eteam—eright shiny reade 


F; STan STAINLESS SCREW CO. 


Telephone: Little Falls 42300 
647 Union Bivd. @ Paterson 2, M. 4 
Direct New York ‘phene: Wiecensin 

79041 


O° ll 
o- 











USE OUR 
HOEGANAES 
Sponce Iron POWDER 


for 
Powder Mi 
g l, , bi 


and other 
Metallurgical Purposes 
EKSTRAND & THOLAND, Inc. 


441 Lexington Avenue 
New York 17, N. Y. 











This amazing manual is guaran- 
teed to open your eyes! Gives 
latest, up-to-the-minute facts on 
new developments in advanced 
barrel finishing equipment, com- 
pounds, abrasives. Shows how sin- 
gle unit installation replaces from 
2 to 12 men. Investigate. Send for 
FREE 52 PAGE CATALOG 
Write 917 Marshall Street 


‘ALMCOMY upersheen 


LIST NO. 75 ON INFO-COUPON PAGE 














MANHATTAN 


Abrasive Wheels — Cut-off Wheels 
Finishing Wheels—Diamond Wheels 


Custom-made for your specific 
material removal problems 
Foundry Snagging—Billet 
Surfacing—Centeriess Grinding 
Cutting and Surfacing concrete 
granite, and marble 
“Moldises”™ for rotery sanders 
Grinding and Finishing 
stainless steel welds 
Bearing Race Grinding 
and Finishing 
Finishing Tools and Cutlery 
Cutting-off—Wet or Dry Bars, Tub- 
ing, Structurals, etc. Foundry Cutting 
—standard and reinforced wheels 
Grinding Carbide Tipped Tools 
a 


Write to Abresive Wheel Deportment 


Raybestos-Manhattan, Inc. 


MANHATTAN RUBBER DIVISION 
92 TOWNSEND ST. @ PASSAIC, WJ 


LIST NO. | ON INFO-COUPON PAGE 
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ON PAGE 60 


zess Interference microscore 


for fast NON-DESTRUCTIVE 
surface measurements of thinnesses 
down to 300 Angstroms..... 








e — 

FLATS, CYLINDERS OR SPHERES illuminated both by Thallium light of 
a single wove length or by ordinary white light present no difficulty 
in determining optional surface finishes when thinneses ore to be 
measured in the order of a millionth of an inch, 300 Angstroms 

MICROSCOPE WORKS with wove lengths of light not subject to 
change ond never needing calibration. Surface under test is magnified 
ond reveals surface structure in readily meawrable form by “contour 
line” representation, for both visual examination and for photography 


ASK FOR — Interference Bulletin B-602 


PHONE: ATLANTIC 1.5525 


SCIENTIFIC CO. 


719 LIBERTY AVENUE 


PITTSBURGH 22, PA. 
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VIDIGAGE® 
AUTOMATIC THICKNESS GAGE 
21” Cathode-Ray Tube; 
Direct Reading Scoles; 
Any Range between 0.005” and 2.5”; 
Accuracies from 0.1% to 1.0%; 
Cables up to 1000 feet for remote testing. 


AUDIGAGE® 
PORTABLE THICKNESS GAGES 


Bottery-Operated; wide thickness range; 
Model 5, 0.060” to 12”; Medel Sa, 0.040” to 12”; 


SONOGEN® 
ULTRASONIC-POWER GENERATORS 


for fast, th gh meto! hing and de-greasing; 
Oviputs from 100 Wotts to 25 Kw. 


ULTRASOMES 
TRASOMES 
THICKNESS MEASUREMENTS 


METAL CLEANING 





If you want to perform 
Tensile or Brinell testing operations 


Pe DAP Wei 
ANSTRUMEMTS. 


quickly and simply—contact 


Detroit Testing Machine Company 
9390 Grinnell Ave. + Detroit 13, Mich. 


LIST NO, 81 ON INFO-COUPON PAGE 0 








Inspection 
Demagnetizing 
or Sorting 


PROBLEMS? 


SOLVED with 


MAGNETIC ANALYSIS 
MULTI-METHOD EQUIPMENT 
Electronic Equipment for non-destruc- 
tive production inspection of steel bars, 
wire rod, and tubing for mechanical 
faults, variations in composition and 


Di F Lz icU LT ante oe eae inspection 
LUBRICATION uw $0 sea mil and fabricators 
PROBLEMS! are now using this equipment. 


MAGNETIC ANALYSIS 
BEL-RAY has pioneered in the DEMAGNETIZERS 
manufacture of special lubri- 


Electrical Equipment for rapid ond 
cants to meet the many difficult 


efficient demagnetizing of steel bars 
lubricating problems of indus- and tubing. When used with Magnetic 
try. Write us for information 


Analysis Multi-Method Equipment, in- 
which will assist you in choos- 





e SEIZING 

o GALLING 

@ FRETTING 

e FRICTIONAL 


spection and demagnetizing can be 
ing the correct lubricant for 
YOUR requirements. 


many st. RAY lubricants | available: 


Rasteed 
lew T aan findinel 

Extreme Pressure Lubri 

Molylube Series (elybdenem Disuifide) 
Neon Melting Greases 

Special Purpose Greases 

Oven Chein Lubricants 
Developers of Special Application 


Send FOR CATALOG 


GIVING COMPLETE 
— 








oo 
= 
oO 


“one? 


done in a single operation. 





MAGNETIC ANALYSIS 
COMPARATORS AND METAL TESTERS 


Electronic Instruments for production 
sorting both ferrous and non-ferrous 
materials and parts for variation in 
composition, structure and thickness of 
sheet and plating. 





AGNETIC ANALYSIS 


MAGNETISM DETECTORS 


inexpensive pocket meters for indi- 
cating residual magnetism in ferrous 
materials and parts. 





For Details Write; “THE TEST TELLS” 


MAGNETIC ANALYSIS CORP. 


WEAR 
TREME 
" OE MPERATURES 
e PRESS FITS 
e DRAWING & 
FORMING 


and 
for catalog 
snd tte, ect 


MOLYKOTE LUBRICANTS 


me ALPHA CORPORATION 


42-44 Twelfth $t., Long islend City 1, M. Y. 65 MARVARO ay 


BEL-RAY CO., INC. 


MADISON, NEW JERSEY 


LIST NO. Ii! ON INFO-.COUPON PAGE 0 


tTamtoeo CONN 
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KE N TRON 


micro 
-% HARONE* 
(. = 
- ed 
fi Mf 
= ee 


qs ae 

— 
uf “ 
5 <A 


Applies 1 to 10,000 gram loads 
Write for Bulletin 
Kent Cliff Laboratories Div. 
The Torsion Balance Company 
CLIFTON NEW JERSEY 


LIST NO. 53 ON INF JPON PAGE 60 





GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


oN THE HOOVER COMPANY 
#) Die Castings Division 
North Canton, OMe 





A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min 
imum 36% 


maximum 


STAINLESS STEEL PART for milk 
bottling unit formerly machined 


from solid stock 
Only finish oper 
ations required 
are reaming small 
dia. of counter. 
bored hole and 
drilling and tap 


ping for set screw 


MORGANVILLE, N. J. 


LIST NO. 4 ON INFO-COUPON PAGE & 























A CABLE SPLICED 
IN 10 seconps! 


ERICO PRODUCTS, INC. 
Complete Arc Welding Accessories 
2070 E Gist Place, Cleveland 3, Ohio 


wane for Cady Cursing 
7 N INFC C 








SRNR 
PENNROLO 


Precision strip 





* Beryllium 
Copper 

* Phosphor 
Bronze 

* Nickel Silwer 

* Bross 

* Chromium 
Copper 

* Copper 


rolled to your most 
exacting requirements 


For Further informotion Contact 


PENN PRECISION PRODUCTS, INC. 


Reading, Penn 
Phone. Reading 6.3821 


LIST NO. 126 ON INFO-COUPON PAGE 














‘ill 


wedllen Inc. 
For 


Stainless and 

Heat Resistant 

ARC WELDING 
ELECTRODES 


) AUTOMATIC WELDING 


All Analyses - Coated, 
Straightened - Cut - 
Coiled and Spooled 





} MAURATH, Inc. 
21830 MILES AVENUE 
NORTH RANDALL 22, OHIO 


Phone: MOntrose 2-6100 


LIST NO. 72 ON INFO-COUPON PAGE 
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GARDEN CITY Industrial FANS 


For a wide choice . GARDEN CITY FANS 
designed with FORWARD BACKWARD - 
or RADIAL BLADES, serve many industrial 
processing requirements. 


If your needs call for HIGH TEM 

PERATURES (300° to 1600°F) you'll 

Ard GARDEN CITY HIGH TEMPERA , ROLL 
te FANS save you meney. Patented ws 

air- ew shaft slices maintainence : FORMED 


costs. 
SHAPES 


Send for our latest catalogs, illustrating 


GARDEN CITY INDUSTRIAL FAN equip- 

ment, For specific details, outline your fan ay Ff A —3 
problems to us, giving cubic feet per minute, degree of accuracy, from ferrous or non- 
static pressure, and just how you intend to ferrous metals. Write for Catalog No. 1053. 
use the fan. We'll be pleased to suggest a 
fan for you. 


GARDEN CITY FAN COMPANY ye touon ROLL FORMED PRODUCTS CO. 


332 South Michigan Avenue — Chicago 4, Illinois 


Representatives in principal cities MAtH OFFICE Ame PLAme 


370: OAKWOOD AVE * YOUNGSTOWN, OHIO 











LIST NO. 123 ON INFO-COUPON BELOW 














WHITELIGHT 


ined me DN MAGNESIUM 


your comprehensive independent 
source of magnesium alloy 

Tubes © Rods * Shapes * Bars 

TUBING ROLLS . Holiow Extrusions © Plate * Sheet 

| ' © Pipe © Wire © Welded and 

AND ‘ Riveted structures and assemblies 


FORMING ROLLS 


To Your Specifications or Ardcor Design—for all makes of machines 


DESIGNERS AND MANUFACTURERS: All Sizes and Spindie Diameters 
of Roll Forming Machines, Weided and Lock-Seam Pipe and Tube Millis 
© Forming Rolls, Tubing and Pipe Rolls © Straightening, Pinch and 


Leveller Rolls * Cut-off Machines WHITE METAL ROLLING 
American ROLLER DIE CORPORATION 2 ae 


82 Moultrie St., Brooklyn 22, N.Y. 


29550 Clayton Avenue bd Wickliffe, Ohio Sales Office 


376 Latayette St., New Vork 3, NM. Y. 


LIST NO. 57 ON INFO-COUPON BELOW LIST WN 67 N INI N 8 























Are parts machined for you 


READERS’ INFO-COUPON SERVICE, METAL PROGRESS 
unde CA 
7301 Euclid Avenue, Cleveland 3, Obie ' r ¢ STATISTI L 
Please send further information, as checked at the right, on the odvertisements in the | ! QUALITY CONTROL ? 
Bulletin Board with numbers | have listed below— i 
___ Please check) At Non-Gran, they 
Send Catalog Send Nearest ; will be. Our contract 
or Engineer- Price Source of . machine work is per 
ing Date Into Supply ; formed under indus 
; try’s newest approach 
C) ; to better products, at 
} > lower cost. Write! 
C) ' 7 AMERICAN NON-GRAN 
] BRONZE CO., BERWYH, 


(Bulletin Board Item Number) 


7 
J 


Write for book “Our 


Story in Pictures” 
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Prime example of Salem-Brosius’ 


furnace-engineering ability 


The huge industrial furnace illustrated here 
attests to the superior engineering skill of 
Salem-Brosius. One of a few of its kind in the 
country, it is a pusher-type, triple-fired slab 
heater currently feeding the giant hot strip and 
sheet mills of a great steel producer. It features 
high capacity heating and soaking zones, heavy 
construction, recuperators for fuel economy, 
dual gas-oil fuel system, and many other ad- 
vantages to assure positive, automatic control 
of furnace output and heating quality. And the 
efficiency, economy, ease-of -operation, and trouble 
free service this furnace represents are typical of 
all the furnaces Salem-Brosius builds. Whether 
you require conventional heating or heat treat- 
ing furnaces or furnaces to do an extraordinary 


job, Salem-Brosius offers equipment designed, 
engineered, and built not merely as a furnace 
but as a heating machine. You can purchase 
these furnaces as complete installations 
equipped with all controls, piping and wiring 
ready to operate 

Salem-Brosius products furnaces, forging 
manipulators, goggle valves, slag granulators, 
clay guns, charging machines, grab buckets, 
and special equipment—are engineered for 
peak performance at lowest cost, because we 
believe that satisfied customers are our best 
advertisements. Before you invest in any of 
these products, we suggest it will pay you to 
call in a Salem-Brosius engineer and let him 
study your problem and present a proposal 


ALEM-BROSIUS, INC. 


CARNEGIE, PENNSYLVANIA 


IN CANADA: SALEM ENGINEERING LTD. ° 


1525 Bioor Street West, TORONTO 9, ONTARIO 











hig . 


G FOR BETTER PRODUCT 


The above illustration typifies the quenc hing methods employe d| mode m 
metal fabricating plants to protect the quality of their products 
Here a battery of B & G Hydro-Flo Oil Coolers is employed to keep 


quench oil constantly at a predetermined temperature. By controlling 


quenching conditions, uniformity of product is assured 

B & G Hydro-Flo Self Contained Oil Coolers are complete packages... 
combining Coolers, Motors, Pumps, Strainers and all controls into single, 
integrated units. Fully automatic, they keep oil temperature at the desired 
degree through all stages of the quench 

Or, if you prefer, che component parts of a B & G Hydro-Flo Oil Cooling 
System may be purchased and assembled on the job. B & G Quench Tanks 
are also available... either in standard designs or built to your specifications. 


Send for Catalog and Simplified Selection Manual. 


Hydro-Fioe 
OIL QUENCHING 
SYSTEMS 


Battery of BEG Quench Tanks served by BELL & GOSSETT COMPANY 
B&G Odi Cooling System illustrated above. Dept. DW-146, Morton Grove, Wi. 
. Canadian Licensee: S. A. Armstrong Lid., 1400 O'Connor Drive, Toronto 
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another 
s >) 


built 
furnace 


for HEAT TREATING... 


VERSATILITY OF THESE PACIFIC KARBO-MATIC FURNACES 
PAYS BIG DIVIDENDS AT ANGELUS STEEL TREATING CORP.! 


The ability of a hardening furnace to handle a 
wide variety of work can mean the difference 
between its profitable use or a loss to commer- 
cial heat treating plants. That's why Angelus 
Steel Treating Corp. of Los Angeles recently 
installed their second Karbo-Matic! 

This completely automatic Pacific Hardening 
Furnace can be used for carbo-nitriding, dry 
cyaniding or automatic hardening in a wide 
range of work sizes and different hardening 
jobs. Controls are simply set...work is placed 
on the loader rolls...and the furnace automati- 
cally carries the load through the complete, 
controlled heating and quenching cycle. No 


resetting of controls is necessary until a new 
and different production job is run, Clean, 
high-quality work is produced with speed 
and economy. 


That's production-line performance! 


These two Karbo-Matics, plus seven other 
different model Pacific Furnaces in the 
Angelus plant, provide a good example 
of the job-proven performance of Pac ii 
built equipment. 


Write today for engineering assistance or 
complete data on a Pacific Furnace for 
your own particular needs! 


ELECTRIC 
HEAT TREATING 
EQUIPMENT 


Licensed 
Eastern Manufacturer 


CASE HARDENING 
SERVICE CO. 


Cleveland, Omo 


PACIFIC SCIENTIFIC CO. 


Los Angeles 

San Francisco 
Seattle 
Portiand, Oregon 
Arlington, Texas 


PACIFIC SCIENTIFIC CO. 
1424 Grande Viste Ave, Los Angeles, Calif 


Please send me 


Information on 
the full line of Pa 
cific Heat Treating 
Equipment. 

f: Please have 
acific Representa 
tive call 
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Wire forming costs 
with CHASE’ WIRE 


in new Liyotpaks 


Now, in this compact, easy-to-handle PAYOFFPAK 
you can get a continuous length of Chase 
copper alloy wire weighing 400 to 500 pounds! 





This new Payoffpak puts an end to frequent 
set-up of wire-forming machines... means 

more continuous, economical operation, less 

costly down time! 


You'll like the easy way this Payoffpak handles, 
the space-saving way it stores... and the way 
am BRASS it protects the shining surface of Chase copper 
fe - : alloy wire from rough handling in transit 
COPPER CO and storage. 
“eG a Ask your Chase Wholesaler or nearest Chase 
Warehouse about the new Payoffpak the next 
time you order copper alloy wire. 









































BRASS & COPPER CO. 


WATERBURY 20, CONNECTICUT + SUBSIDIARY OF KENNECOTT CoppEeR CorPoRATION §==The Nation's Ileadquarters for Brass & Copper 
Athan)” Chicago Detroit (os Anges New York St. lows 
Atlanta Cmcumnat Grand Rapes” M bwauhee Ph tadeiph « San freacsce 
Batt mre Cleveland Heuston M nneapols Pitts gh Seattie 
Baston atlas “Ad anapel's Newa Providence Water bury 
Chartotte Uenver Kenses City, Mo. New Orieans Rochester” ‘sales office omty ) 
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@THIS HEAVY-DUTY HEAT TREATING 
FURNACE operates up to 2700°F 
with an atmosphere of air, and up to 
2400°F, with hydrogen atmospheres 
It employs GLopaR® Heatin 
Elements having a snnnenel tecd 
of 34 KW. Designed and built 
by The Pereny Equipment Company 
Columbus, Ohio 








GLOBAR Heating Flements selected for Heat Treating Furnace 


UNIFORM HIGH TEMPERATURES required for heart creating operations are assured, for 


extended service periods, when electric furnaces are equipped with 


GLOBAR® Silicon Carbide Heating Elements. GLOBAR elements 
can operate over a wide tem perature range, to 2 740 I 
permit acc urately controlled heating at all times handle 


© peak loads without danger of costly breakdowns 
GLOBAR Heating Elements 


In addition, GLOBAR non-metallic heating elements 


also give you provide clean, silent and safe heat 


LESS DOWNTIME...n0 need to 

e cool or unload when necessary to 
re place clements 
SIMPLICITY OF FURNACE 

« CONSTRUCTION... compact 


space-saving design | 
GREATER ECONOMY...in both 
. operation and maintenance 


@ WHAT HEATING PROBLEMS do jow have 


that GLOBAR engineers can help you solve? 


Take advantage of their 30 years of experi H ‘ / ; F/ va ) 1s 
ence working hand-in-hand with furnace Ca Nd = C/Ne/) =) 
manufacturers and users...get complete 


information on GLOBAR Heating Elements 

and how they can benefit you. Write The by CARBORUNDUM 
Carborundum Company, Dept. MP 87-515, 

Niagara Falls, New York. No obligation 
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It takes more than a good fly 
to take a trout 


"a A . Even the costliest fishing gear, the 

finest rod, the best reel and the 
prettiest fly cant assure catching 
a wily trout. It's the experience behind 
these accessories, that fills the creel 


There's no substitute for “Know- 
How’ and that’s particularly true in 
adapting metal treating chemicals to 
established production. It can't be 
gotten out of books, through black 
magic or out of a crystal ball. Only 
years of active contact, with actual 
manufacturing procedures, can be 
depended upon for satisfactory 
solutions of the metal protecting 
problems constantly confronting 
manufacturers 


ACP offers ideal products for 
removing and preventing rust on 
metal, chemicals to bond paint 
to steel, zinc, and aluminum, and 
pickling acid inhibitors. In addition 
ACP furnishes a free service of 
an organization of technical expert 
with over 40 years experience in solv 
ing metal preservation problems for the 


largest as well as the smallest operation 


Rely on service backed by ex 
perience. You are obligated in no way 


by consulting our technical staff 


Write or call for further infor- 
mation on ACP chemicals for 
metal protection. 


Since 1914, Pioneering Research and Development in Metal Protection 





fXéia] American Cuemica. Paint Company 











AMBLER, PENNA. 
DETROIT, MICH. NILES, CALIF. WINDSOR, ONT. 
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IMM AJAX Pace 
a a mean Higher Quality 
Castings for... 


Idvance 
TOOL A DIE CASTING COMPANY 








Aluminum DIE CASTINGS Zine Base 


View above shows AJAX 
melting furnaces, with con- 
trol cabinets in back- 
ground. 





The Furnace 
That Stina 


Itself... 


The sectional view be- 
low shows the twin- 
coil stirring action 
of the 100 kW, 60 
cycle AJAX Induction 
Furnace. Heat induced 
in the secondary chan- 
nels below is con- 
veyed throughout the 
melt by electro-mag- 
netic circulation, as 
shown by the orrows. 








View showing AJAX-TAMA-WYATT 
20 kW, 60 cycle induction holding 
furnace supplying metal af exactly 
the right temperature to die cast- 


ing machines. 





Inherent stirring action of these fur- ing in elimination of oxides, reducing 
naces has proved most valuable to AD- hard spot trouble in secondary machin- 
VANCE TOOL & DIE CASTING CO. ing to a negligible factor. Temperature 
Milwaukee, Wisc. In full operation for of the melt is held at 1170° F. through 
18 months, the most important result on-off control of the low power circuit. 
of the use of these furnaces is higher Working conditions are made more 
quality die cast aluminum parts. The comfortable because of low heat lduses 
alloy is held in uniform solution, result- The units take up very little floor space, 


AJAX ENGINEERING CORP., TRENTON 7, N.J. 


INDUCTION MELIN FURNACE 


AJAX ELECTRO METALLURGICAL, cone... and Aeon ane voted Ce omponioe 
AJAX ELECTROTHERMIC CORP., true Mogh freq mn | wsnace 
AIAK ELECTRIC CO i Hultgren | < Sat Gath Furnace 
AJAX ELECTRIC FURNACE conr., Ayan Wyatt inductor fu nave tor Metung 
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“Maybe we'd better 


scrap some of our 
ideas about scrap?” 


This may 
be the 
solution 


Do YOU think of your scrap in terms 
of material costs only? Actually it’s the time and labor 
that have been wasted upon it that is really costly. 


Accepting an arbitrary rejection rate as inevitable, is 
expensive and usually unnecessary. The solution is 


often so simple it can be easily overlooked. 


Cracks in parts are one main cause for 
scrapping. When these cracks are not 
discovered until after machining or at 
final inspection, time spent in process- 
ing the parts is a dead loss! 


Inspection with Magnaflux’ Methods 
finds all cracks from whatever cause 

at any stage of manufacture. By 
finding cracks early you can correct the 


MAGNAFLU X 


cause before parts are run in quantity. 
Result: almost no time or money is 
wasted on defective parts. 


Inspection with Magnaflux is fast and 
cheap—-saves many times its trifling 
cost. Ask to have a Magnaflux engineer 
show you how it can cut your costs 
or write for new booklet on LOWER 
MANUFACTURING COST. 


CORPORATION 


7346 West Lawrence A . hicago 3 noun 


MAGNAFLU X 


New York 36 Pittsburgh 36 Cleveland 15 


Detroit 11 . Dallas 19 los Angeles 58 
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one must set the example 
... and with high speed steel 
it’s REX 


It's a real satisfaction when you set the example by 
what you make when it becomes a standard for com 
parison. That's why Crucible is proud to have kept REX 
high speed steel tops in its class for so many years 


But don’t take our word for REX’s superiority 
Try it on your own work. Compare its structure, finish, 
hardenability, carbide distribution and general uni 
formity. You'll see for yourself why it’s the standard 
wherever high speed steels are used. 


Remember, REX is made only by Crucible. So call 
for REX at your nearby Crucible warehouse, or for 
quick mill delivery Crucible Steel Company of 
America, Henry W. Oliver Building, Pittsburgh 22, Pa 


| C p U C | i LE} first name in special purpose steels 


Crucible Steel Company of America 
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Small diameter Inconel rod locks tray segments in posi- 
tion; eliminates structural welds and permits tray to expand 


and contract without undue 


made by Misco Fabricators, Inc., 1999 Guoin St, Detroit 7 


Misco uses Inconel to triple life 
of gas carburizing fixtures 


The tray you're looking at carries 30 pounds of 
odd-shaped baffles through 1650°F. ... in a con- 


tinuous furnace. 


An oil quench follows .. . the entire heating and 


cooling cycle taking 11 hours. 


At one time, fixtures were made of an alloy steel 
.-. and lasted only three months before failure from 


cracking and breaking. 


Detroit, switched to 


. and the service life of the equipment 


Then 


Inconel®, , 


Misco Fabricators, 


was extended to nine months. 


A 200 per cent improvement! But expected. For 


Inconel withstands severe thermal shock without 


spalling . . . sudden cooling without cracking. And 
has excellent resistance to reducing, carburizing or 


nitriding atmospheres. 


By using Inconel fabricated equipment, the heat 
treater gets light, but rugged, fixtures . . . designed 
for his specific needs, And he gets strength and cor 


rosion resistance at high temperatures. 


So, if heat isn’t treating your equipment well 
you'll probably save your disposition and money 
by writing for our booklet “Keep Operating Costs 
Down When Temperatures Go Up.” 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street New York 5, N.Y 


On wi 
AINCO, Nickel Alloys 


stress. This Inconel tray 


Inconel ... for long life at high temperatures 
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MAINTENANCE COSTS 


Less than F4ocr howe 


ON THIS IPSEN INSTALLATION. 


al BARBER-COLMAN 





/ 
a 


4 


LOW MAINTENANCE . . . CONSISTENT 
RESULTS HIGHLIGHT /psen HEAT 
TREATING INSTALLATION AT 
BARBER-COLMAN 


lotal maintenance expense . . . $395.56. Total hours of 
operation ... 13,200. Type of work .. . 65°) bright 
carbonitriding, 20°, bright carburizing, all other, 15°,. Less 
than 3 cents per hour for maintenance. That's the report 

from the Barber-Colman Heat Treating Department on this 
Ipsen T-250-E Furnace since its installation. 





Now ... Ipsen's latest 100°, Forced Convection design cuts 
low maintenance costs even more. 
~~~ 
& 


GET THE FACTS —See for yourself how e . 
ipsen “Controlled. Atmosphere Furnaces 

con cut your heat treating costs. We'll be 

giod to send you all the details 


Fd IPSEN INDUSTRIES, INC., 723 So. Main St., Rockford, Illinois 





Atmosphere Controtied A ww t ft Dewtront and Atmosphere Genersiors 
Heat Treating Units Tempering Units Carbotromm& Controtiers 
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This is the ninth of a series of advertiser 
basic facts about alloy steels. Though much 


tion 1s elementary, we believe it will be of interest t 


in this field, including men of broad experienc 


find it useful to review fundamentals fron 


The Effect of Nickel 
in Alloy Steels 





ach element in an alloy steel has 
its own particular job to do, and 
each is included with a special put 
pose in mind. What are some of the 
reasons, say, for using nickel, chro 
mium, molybdenum, vanadium, and 
other components that appear in 
the various analyses? The elements 
in any alloy steel work both indi- 
vidually and as a team. What does 
each one do? In this and subsequent 
discussions we shall try to answer 
these questions, beginning with 
nickel, one of the fundamental 
alloying elements. 

Nickel increases toughness and 
resistance to impact, particularly at 
low temperatures; lessens distortion 
in quenching; improves corrosion 
resistance It lowers the critical 
temperatures of steel and widens 
the temperature range for successful 
heat-treatment. 

Nickel steels are particularly suit 
able for case-hardened parts, such 
as aircraft-engine gears and roller 
bearings. Such steels provide strong, 
tough, wear-resistant cases and also 
ductile core properties. 

\dvantages imparted by nickel 
are not restricted to quenched-and 
tempered steels. Nickel often pet 
mits given strength levels to be 
obtained at considerably lower car 


bon contents, thereby markedly in 
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creasing toughness, plasticity, and 
fatigue-resistance. Nickel steels are 
therefore highly suitable for appli 
cations where liquid quenching is 
not employed, such as high-strength 
structural steels used in the as-rolled 
condition or heavy forgings not 
adapted to quenching. Products of 
this nature must develop superior 
properties after nothing more severe 
than air-quenching treatments 

If you would like to know more 
about nickel steels, or need informa 
tion about other types of alloy steels, 
please feel free to consult with Beth- 
lehem's metallurgists. These techni 
cians will gladly advise you regarding 
analyses, heat-treating, machinabil 
ity, etc. You are invited to make use 
of their services whenever you need 
assistance 

And may we remind you, too, 
that Bethlehem makes all AISI 
standard alloy steels, as well as 
special-analysis steels and the full 
range of carbon grades. We are al 
ways in a position to meet your 


needs promptly and fully. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA 


hem prod 
Coast 


Distributor: 


icts 


w poration 


BETHLEHEM STEEL 





*Bendix Products Division 

Bendix Aviation Corporation 
Automobile, Aviation, Marine and 
industrial Products, South Bend, Ind 


PART 


Products are aircraft landing gear steel compo- 
nents, including forgings, arc and flash welded 
assemblies, basically tubular with complex lugs. 


PROBLEMS 


1. Eliminate decarburization and scaling. 

2. Reduce distortion, 

3. Reduce residual stresses resulting from heat 
treatments. 


Using an immersed electrode-type furnace 96” 
deep, these complex parts were austenitized in 
Park Chemical’s Nu-Sal neutral sale at 1550°F. 
for 45 minutes. Previous method used 12 hours. 
Quench at 400°F. is in Park Chemical’s Thermo 
Quench Salt. Steels used are AMS 6324, AMS 
6415 and AMS 6427. 

Salt baths offer tremendous advantages over 
conventional heat treating methods. As much as 
80% of all heat treating can be done in salt. 
Speedy handling and small floor space cuts costs. 
Quality is increased by eliminating quench 
cracks, scaling and decarb, while improving 
toughness and ductility. 


Sixth in a series of advertisements describing Park processes on the job 


cr------------- 


Martempering 


Story... 


@e oe RE ee ee eee Ot 


t 


..- with Park 


NU-SAL NEUTRAL SA 


Melting point 1230°F / working range 1300-1650 


and 
THERMO-QUENCH SA 


Melting point 290°F / working range 325-1100°F 


PARK CHEMICAL 


LT 


f 


LT 


; 


co. 


8074 Military Avenve © Detroit 4, Michigan 


Send Free Bulletin on Neutral Salt Baths 


Position 


State 
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Murtimer alloy wraps are joined by welding in the fabrication of aircraft cabin heaters. 


MULTIMET Alloy Wraps 
Absorb the Heat from a 3500 deg. F Flame 


Mu.timet alloy wraps are used to absorb the intense heat 
from burning aviation gasoline in aircraft cabin heaters. 
The spirally wrapped alloy sheet transfers the combustion 
heat to fresh ventilating air. Very thin sheet — only 0.025 
in, thick—does an excellent job here despite the high 
metal temperatures and the oxidizing conditions. 

Rigorous 1,000-hr. tests were conducted before MULTIME1 
alloy was selected for this job, It has now been the standard 
material for seven years. The excellent high-temperature 


properties of the alloy made it possible for designers to use 


ot 


“se 


(HAYNES 


TRADE MARE 


.-.$Oo vw S 


\( aw 
®e, 


oseeeeeeeneeeeee 
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thin sections, which insure a light, compact heater, with ex- 
cellent heat-transfer efficiency. 

Mucrimer alloy is one of many Haynes high-temperatur: 
alloys for economical use over a wide range of operating 
conditions. It has given good service for engine manifolds 
turbine blading, heat-treating equipment and man 


kor ot a booklet cde a4 


high temperature alloy 8, 


aircralt 


components nbing Hay ‘Es 


a COpy 
and for ind sizes of 


prices 


Muttmet alloy, get in touch with the nearest 


Stellite ( ompany ofhice. 


HAYNES STELLITE COMPANY 


A Division of Union Carbide and Carbon Corporation 


uc 
and Works 


bales Offices 


Clevetand - D » Houston - | 


yeneral Office Kokomo, Indiana 


New York : 


Angele 





] WAYS to SAVE MONEY with 


TOCCO* Induction Hardening 


Cost was reduced 94% when 
heat-treatment of this corn- 


h h 
thom cntevilanse TOCEO: Thompson Products Ltd. boosted production of these 


: automotive wrist pins from 500 to 1200 per hour when 
per Abe y they switched 10. TOCCO-hardening. Costs fell from 
$0,000 piece batch, plus an $5.45 to $3.25 per hundred parts—a savings of 2¢ per 
hourly production increase pin, $26.40 per production hour. 
from 120 to 300 pieces per 
hour. 





Mechanics Universal Joint Division of Borg-Warner re- 
ports a 69% savings in the hardening of stub ends for 
propeller shafts. TOCCO also upped production from 
35 to 112 parts per hour— over three times as fast as con- 


$375 per day! When Salisbury Axle switched to TOCCO- ventional heating methods. 


hardening axle shafts. Less machining— 30 seconds in- 
stead of 2 minutes— means lower tool cost. Also produc- 
tion zoomed from 50 to 120 per hour. TOCCO hardened Lima-Hamilton Corporation 
shafts have 200% greater torsional life. adopted TOCCO for harden- 
ing this shifting lever. Results: 
a savings of 4c per piece— 
$25 per production hour. 
TOCCO costs only 17% of 
former heating method. This 
is only 1 of 139 parts TOCCO- 
hardened by Lima-Hamilton 
Corp. All show savings over 
usual heating methods. 





Kearney & Trecker Corp. reduced the cost of hardening Number 7—the lucky number—is up to you. 
this milling machine part from $1.57 to 10c apiece. In Why not add your name to the list of companies 
addition TOCCO made possible a switch from alloy to who use TOCCO Induction Heating to in- 
S.A.E. 1045 steel— saving another llc per piece in mate- crease production, improve products and lower 
rial cost. Kearney & Trecker hardens 140 different parts costs. TOCCO engineers are ready to survey 
on one TOCCO unit. 


your plant for similar cost-saving results~ 
without obligation, of course. 


THE OHIO CRANKSHAFT COMPANY => ~~~—~——~ Mail Coupon Today 
| NEW FREE THE OHIO CRANKSHAFT CO. j 

BULLETIN Dept. 8-5, Cleveland 1, Ohie I 

! 

| 


Please send copy of “Typical Results 
of TOCCO Induction Hardening and 
Heat Treating.” 


Name 





Position 





Company 


Address 





.. Zone... Hate 
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AUTOMATIC SALT PURIFIER | 
Chamber removes the salts carried over 
from the austenitizing bath. & 


with Salt! 


Any steel that can be hardened by oil 
quenching can now be martempered or aus- 
tempered in the new Ajax Cataract Quench 
Salt Bath Furnace... 


... with equal hardness and with all 
of the PLUS heat treating advantages 
that only molten salt can give. 





This new Ajax Electric Salt Bath Furnace 
with its vastly increased cooling rate 


AIAX CATARACT permits rapid quenching of steel parts through their 
QUENCH FURNACE critical temperature range. 


Tremendous quenching power is obtained by an ad- 
justable-speed pump. The downward flow of salt into 


the quenching header can be regulated for various 
Permits heavy sections to be martem- _hardenabilities. 
pered and austempered. (Sections up to 6” 
diameter, can be martempered and sections 
up to 1%” diameter austempered). 


Provides greater quenching power than 
previously possible. 


Send specimen work to the Ajax Metallurgical Serv- 
ice Laboratory for a process demonstration—preferably 
in your presence . . . No obligation. 

Assures high and uniform hardness. 





Eliminates excessive distortion — As a 
rule, parts can be finish-machined before Write for Bulletin 700 
hardening. “Ajax Cataract Quench Furnaces,” and Technical 
Avoids danger of quench cracking. Bulletin 500, “The Present Status of Austempering 
and Martempering.” 


Increases toughness and ductility. onal 





Associoted Companies: Ajax Electric Furnace Corp.; 
Ajox Electrothermic Corp.; Ajax Engineering Corp 


electric SALT BATH furnaces 





AJAX ELECTRIC COMPANY, 910 Frankford Ave., Philadelphia 23, Pa. 
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Bundy solves refrigeration problem 
with unique tubing strainer design 


Read how Bundy Engineers 
work with designers to 
help make better products 


As a designer, you undoubtedly know 
that Bundy is the leading manufac- 
turer of small-diameter steel tubing. 
You’ve probably seen it specified 
many times. 


But, for you, there is more than 
manufacturing going on at the Bundy 
Tubing Company. 


Shown at the right is a typical 
example of the help you can get at 
the design stage of your product. It 
is just one of hundreds of contribu- 
tions which have been made by our 
engineering staff, in many widely 
diversified fields. 


Take advantage of this unbeatable 
Bundy combination: expert, free 
engineering service plus genuine 
Bundyweld Tubing, the only tubing 
double-walled yet stronger; has high 
thermal conductivity, high bursting 
strength; takes easily to any fabri- 
cating operation. It is the safety 
standard of the refrigeration indus- 
try, and is used in 95% of today’s 
cars, in an average of 20 applica- 
tions each. 


Let Bundy help you with that 
tubing design problem. Call, write, 
or wire us today: 


BUNDY TUBING COMPANY 
DETROIT 14, MICHIGAN 


Problem: Because refrigeration 
systems can be quickly ruined by 
dirt particles which lodge in 
capillary tubes, most systems 
we a separate strainer assembly, 
as shown above. The two extra 
solder joints used to install the 
strainer assembly give rise to an 
even greater problem—leakage. 
Expensive hand assembly meth- 
ods also frequently introduce 
dirt into the system. 





Solution: New Bundy design 
actually makes strainer an inte 
gral part of condenser coil. The 
coil end is expanded to receive 
the strainer or filter and then 
swaged down to capillary size 
This ingenious design eliminated 
one solder joint with its conse 

quent risk of leakage or dirt in 

clusions; resulted in a cost sav- 
ings of 50% to the customer. 


Bundyweld starts os a 
single strip of copper 
cooted steel. Then it's 


continuously rolled 
twice around laterally 
into a tube of uniform 


BUNDYWELD 
TUBING 


DOUBLE-WALLED FROM A SINGLE STRIP 


thickness, and posed 
NOTE the exclusive Bundy- 
fn developed beveled edges, 
which afford a smoother 
double. joint, absence of bead, 
a > en and less chance for ony 
contact leakage. 3 


through a furnece 
Copper cocting fuses 
with steel, Result 


Bundyweld, 


ee ee ee aS aig. ~~ om . ~ wlll 


ee eS 
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The stainless you need is here 


2221 sizes, shapes, finishes and types actually in stock 


Here, in the world’s largest stainless stocks, the 
exact steel you need is ready for immediate ship- 
ment—in any quantity. That’s because Ryerson 
carries more tonnage in more types, shapes and 
sizes than any other source. Many requirements 
are available only at Ryerson. And, all Ryerson 
stainless is time-tested Allegheny Metal, the qual- 
ity stainless you can depend upon. 

Here experienced steelmen who know your 
industry's requirements are ready to work with 
you. And unexcelled specialized facilities are at 


your disposal for sawing, shearing, flame-cutting 
or otherwise preparing stainless to your exact 
specification. 

So for every stainless requirement—and for 
every kind of carbon and alloy steel as well 
call Ryerson for quick, dependable service 


RYERSON STEEL 


In stock: Bars, structurals, plates, sheets, tubing 


alloys, stainless, reinforcing, machinery & tools, et 


JOSEPH T. RYERSON & SON, INC. PLANTS AT: NEW YORK © BOSTON © PHILADELPHIA * CHARLOTTE, N.C. © CINCINNATI « CLEVELAND 
DETROIT © PITTSBURGH © BUFFALO © CHICAGO © MILWAUKEE © ST. LOUIS *« LOS ANGELES « SAN FRANCISCO © SPOKANE « SEATTLE 
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BY THE 
EDITORS 


In Defense of Metal 


(Since Such Seems to Be Needed) 


7 
W, PRESENT in the first article in this 


Metal Progress a brief digest of the 
before the British court 


of inquiry into the cause of the two disasters to 


sstie ot 


voluminous testimony 


Comet” jet air liners in January and April of 
1954, taking 56 people to their death. Such an 
opportunity 1s rather rare. Disasters are seldom 
given much public itv. Usually too many people 
corporations or governmental bureaus wish to 


avoid any responsibility — moral or financial 
to release much information 

As to the Comets, the Royal Aircraft Establish 
ment had conducted extensive studies using 
much unconventional equipment to get at the 
root of the trouble. This work had caused a test 
ship to “explode”; one whole panel of fuselage 
skin ripped open the tear starting from small 
crac ks 


fatigue identified by their porcelanic 


fracture ) at rivet holes where a hatchway frame 
was attached Subsequently, fragments trom one 
of the wrecked planes, dredged up from the 
Mediterranean, were found to have a similar 
tear in the cabin skin, the fracture apparently 
triggered by a small fatigue crack at a rivet hole 
where a window frame (a “reinforcement 
God save the mark! 


Throughout the 


was attached 
news accounts which have 
crossed the editorial desk the theme is re pe ated 
that the cause was “metal fatigue”. A writer in the 


Saturday Evening Post quotes an unnamed 


expert as saying “Aeronautics did not let us 


down; metallurgy did.” If this expert was cor 


poreal and not imaginary, it’s a certainty he was 
not a metallurgist! 
For look what the e' 


icle nce shows 


They made a tuselage of aluminum alloy 
whose specified minimum tensile strength was 
60,500 psi It contained several doors and win 
dows and a lot of rivet holes. Under test, ea post 
facto, the maximum service stress was found to 
be 45.700 Ib 


times in each high-altitude flight 


which was reached two or thre 
Riveted cyl 
inders failed after about 2000 loadings to this 
peak stress 75% of the guaranteed strength of 
the aluminum sheet. Then when the ship, with 
precious human cargo, was lost before it had 
made 2000 pre ssurized flights The metal failed 
by fatigue! 

It may be reassuring to future passengers on 


British 
thicker-gage 


stratospheric cruisers to learn that the 
aircraft builders “propose to us 
materials in the pressure cabin area and to 
strengthen and redesign windows and cut-outs 
and thus lower the general stress level at which 
local stress concentrations either at rivet and 
bolt holes or stit h as may ooctuil by reason ol 
cracks caused accidentally during manufacture 
will not constitute a danges 


from Mr Bishop 


would be Tore 


or subseque nitly 
Quotes ar author of ow 
article It reassuring to the 
Editor of Metal Progress it they would go ahead 
and eliminate those 


rivet holes around window 


frames which proved o deadly | | | 


Wonder Metal Re-Viewed 


When titanium emerged from the laboratory to 
hailed 


metal 


limited produc tion seven years ago, it wa 
im the 


destined to re place large amounts of aluminum 


popular press as the wonder 


alloys and stainless steel. Sample orders came in 
from all sick Ss and many enginecring hours were 
spent trying to fit its properti s to existing and 
seven years later, it i 


planned designs. Today 


used entirely for military applications primarily 
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aircraft, but also for some ordnance and marine 
parts. No use in civilian consumption has yet 
been reported, The major deterrent is price. A 
minor difficulty is that 


some lots have had 


unpredictable mechanical properties and erratic 


fabrication behavior. Also some of the commer- 
cial alloys are not as corrosion-proof as expected. 

Mallory-Sharon Titanium Corp. recently held 
a “Titanium Day” to display its new melting 
facilities. Incidentally we searched for an answer 
to the questions “Why does titanium cost so 
much and what can be done about it?” Titanium 
sponge (where we start) now costs $3.95 per lb. 
It is blendea with the necessary alloying ele- 
ments, compressed into a coherent, rectangulas 
slug and these are welded together end to end 
to form a consumable electrode of proper length 
for the vacuum melting furnace. 

After melting in vacuum, and then remelting 
the ingots are valued at approximately $9 per lb. 
They must be machined to remove surface im 
perfections, forged, and cut into sheet bars. The 
sheet bars are then hot rolled into finished sheets 
(Very little cold rolling is done on titanium 
alloys.) In sheet form its value has been re 
doubled and it sells for $15 to $25 per Ib 10 to 
50 times as much as stainless steel or aluminum 
alloy sheet 

Nevertheless, the jet aircraft industry has justi 
fied the use of titanium alloys primarily by weight 
savings. Some uses may also be found by the 
Navy and by Army ordnance — at any rate, it is 
reported that the total capacity now planned will 
make about 28,000 tons of ingot per year by 1960 
( Present consumption is on the order of 5 tons 
per day, or at the rate of 1500 tons per yr.) An 
interesting aside to the usage in aircraft is the 
statement by John Goldthwaite of Allison Diy 
of General Motors Corp that for every pound 
of metal in a jet engine, four pr unds of raw mate- 
rial must be purchased 

It might sound easy to cut costs when you 
start with such a high figure as $15 per lb. for 
simply melting and rolling, but too much of the 
cost is due to the quality requirements and the 
attendant heavy scrap loss (upwards of 33%) 
Scrap is now practically worthless, since it costs 
more to prepare it for melting than its equivalent 
weight of sponge. It can be fed into the charge 
only in the form of turnings or chips, and the 
cleaning, segregation, and machining are expen- 
sive operations, Mallory-Sharon recognizes the 
fact that eventually scrap must be recirculated 
to reduce costs. All heats made now contain some 
scrap, and Mallory-Sharon is now adding about 
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22% scrap to its raw material (sponge) in an at 


tempt to develop an inexpensive technique for 
recovery 

Double melting in vacuum furnaces sounds 
like an unnecessarily expensive operation, but the 
second melting improves quality — more hydro 
gen has been sucked off. It also saves money; the 
ingot from the first melt is very rough and about 
1% in. would have to be machined from the sur- 
face to reach sound metal, whereas after remelt- 
ing the ingot is much smoother so less than % in 
must be machined off. The saving in scrap more 
than offsets the cost of remelting the first-run in- 
got. An alternative might be the scheme devised 
by Westinghouse engineers, who have eliminated 
the machining of similar double-melted ingots of 
hafnium by surface fusion. They simply rotate 
the ingot on a lathe fixture in an inert gas atmos 
phere and weld a continuous bead over the 
periphery with a nonconsumable electrode. Their 
recovery from raw material to ingot suitable for 
rolling is 99.8% 

In rolling a sheet of titanium one of the major 
costs is chemical analysis; hydrogen must be 
determined after each heating and cleaning oper 
ation. The cost of these six to eight analyses alone 
is between $60 and $80 per sheet. Some other 
expensive operations are the more than 30 han 
dlings in process; the use of two sheets of mild 
steel to sandwich the titanium during rolling (the 
steel sheets are subsequently scrapped ); and the 
inspections after each operation 

If there were a demand for commercial quality 
in addition to aircraft quality titanium; and if 
production increases several fold so special mill 
equipment can be installed and kept busy; and if 
some processing problems can be licked; and if 
sponge price is reduced to $1 per lb.; and if scrap 
then titanium sheet 
may sell for as little as $5 per Ib. Pretty “iffy”; a 


more realistic guess might be that if sheet pro 


can be used economically: 


duction can increase by a factor of 10 
dicted by 1960 — the price of sheet will be halved 
say to $10 per lb. 
At any rate 


“wonder metal”? J.T 


as 15 pre 


do you have any use for this 


Correction 


Metal 


February 1955 were mistakenly 


The micrographs in Fig. 3, p. 98 of 
Progress for 
identified during editing. It is hoped that few 
readers were misled because this transposition 


Is SO oby tous 





Fatigue 
and the 


Comet Disasters 


By TOM BISHOP* 


The British inquiry into the cause of disasters to jet-propelled air liners 
will doubtless remain a classic for all investigators of 

structural failures. It appears probable that, at a high altitude, 

a tiny fatigue crack initiated catastrophic failure 

of the cabin wall and the pressurized cabin literally exploded. 


; ee the crashes of the British de Havil- 
land jet-liners near Elba on Jan. 10, 1954 and 
near Naples on April 8, 1954, the fleet of these 


passenger aircraft nicknamed the Comets was 


grounded. These accidents triggered off what is 
probably the most exhaustive and costly series 
of tests ever undertaken to investigate a failure 
A public inquiry was started in London in 
October 1954 which lasted 22 days, evidence 
being heard from 68 witnesses, and 145 exhibits 
shown. Excluding the report on the investigations 
at the Royal Aircraft Establishment at Farn- 
borough, England, directed by Sir Arnold Hall, 
the evidence to the Court covered 1600 pages of 
transcript, representing over 800,000 words, In 
addition, Sir Arnold Hall's report from the Royal 
Aircraft Establishment, presented at the opening 
of the inquiry, contained over 120,000 words and 
285 illustrations; it was 4 in. thick and weighed 
10% Ib. An attempt is made here to summarize 
briefly this massive documentation, the engineer- 
ing and metallurgical tests carried out to de- 


termine the cause of the accidents, and the find 
ings of the marathon investigation, which were 
Prior to that 
time publicists in England were prevented from 


released in February of this year 


analyzing the case or reporting in anything but 
general terms, it being inadvisable to discuss 
cases under judicial inquiry, as this one was 
When the last crash occurred just off shore 
near Naples, the wreckage retrieved of the pre 
vious accident from shallow water near Elba was 
only just beginning to accumulate, having been 
spotted by underwater television, No deductions 
could yet be drawn from it. Early attempts were 
therefore made to assess the probable causes in 
the light of general evidence. In particular, it 
was noted that both accidents had occurred dur- 
ing initial climb and at heights of 30,000 to 
35,000 ft. It was precisely under these conditions 
(where maximum stresses would exist in the 
*Editor, Metal Treatment and Drop Forging 


London, England; British correspondent for Metal 
Progress 
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Fig. 1~The Wings of the 
Comet Jet Liner G-ALYl 
(“Yoke Uncle”) Stick Out 
Through Water-Tight Seals 
From the Tank in Which 
the Fuselage Was Fatigue 
Tested to Destruction by 
Pulsating Internal Pressure. 
This and other photos are from 
the British Ministry of Supply 


Crown copyright reserved 





walls of the pressure cabin) that fatigue failure 
would be expected to occur if the structure had 


been underdesigned or if unprovided for and 











localized stress raisers existed. Fatigue failure of 








the pressurized cabin structure was therefore 





tentatively listed as a possibility 





Other factors were also taken into considera 








tion by the investigators at Farnborough. Comets 








had been operating with pressures in the cabin 








greater than had hitherto been in general use for 





civil aircraft. Furthermore, owing to its size, the 











pressure cabin had not been tested as a complete 
unit, although the designers and builders had 


done Finally 











much testing in sections there 
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Fig. 2 
Starting From Fatigue Failure at Rivet Hole 
ing Reinforcement Around the Forward Escape Hatch 





might be some unpredictable interaction within 


the cabin structure between gust loads and pres 
sure loads which could only be discovered by 
tests with apparatus of a kind that was not yet in 
existence 


The Farnborough Test 


A new type of test was therefore devised and 
special apparatus built wherein the fuselage was 
filled with water and also entirely submerged in 
a large tank of water (Fig. 1). A pumping system 
was arranged so that internal cabin pressure rosé 
and fel! realistically. For these tests a complete 
airplane was used, the wings remaining in posi 
tion. Only their roots were submerged with the 
fuselage; the most of the wings projected through 
the sides of the water tank. A flexible seal held 
back the water and allowed the necessary free 
dom for articulation, The equivalents of up-and 
down gust loads were also applied to the wings 
outside the tank by hydraulic rams 

The test rig is believed to be the first of its 
kind to apply and cycle the air loads on the wing 
simultaneously with the pressure loads on the 
cabin. As remarked above, the rig comprised a 
200,000-gal. water tank 112 ft. long by 20 ft. wide 
by 16 ft. high. The complete aircraft G-ALY 
(or “Yoke Uncle”) was wheeled into the rig 


when the latter was about half built. Working 


J 


Long Tear in Front Fuselage of Yoke Unel 
Attac h 


night and day, the rig was designed and con 
structed in about six weeks. The fuselage was 
appropriately ballasted to give the correct load 
ing conditions. 

This Comet G-ALYU had already 
3500 hr about the same length of time as the 
ill-fated one which crashed into the Mediter 


ranean off Elba. After pulsating tests giving a 


flown for 


total life equivalent to about 2% times the former 


life in flying, a crack suddenly opened and a 


large piece of the pressure cabin wall was pushed 


out (Fig. 2). The corresponding damage to a 
cabin filled with compressed air would, in all 
probability, have amounted to widespread de 
struction due to the expansibility of the gas. 

The first conclusion to be drawn from this 
experiment was that “Yoke Uncle” (G-ALY1 
would, had it continued to fly, have met with 
disaster after about 9000 hr. of flying, through 
weakness of the pressure cabin wall. Correspond 
ing deductions concerning the two Comets which 
went down near Elba and Naples were less 
positive, for such fundamental reasons as that 
the fatigue lives of nominally identical structures 
vary considerably. However, experience regard- 
ing such variation in life of rather simple mech 
anisms subjected to alternating or pulsating loads 
indicated that fatigue failure of both these ill 
fated aircraft was definitely possible 

The water-tank test was also applicable to 
wing fatigue since, so far as was known, the 
special arrangements for loading the pressure 
cabin did not invalidate the test for the wings 
\ serious crack developed at the wheel-well at 
about 5500 hr. total, and it was considered that 
if the test had continued without repairs, the 
crack would have become catastrophic. Struc 
tural failure in this region, however, did not 


appear in the Elba wreckage recovered 


D.T.D. 546 B 
SPECIFICATION No 
Arnit, 1946 test 


*ExtTract From 
SUPERSEDING 


D.T.D. 546A 


prec es 


Mechanical Tests 
The mechanical properties of the 


rac hined 


Test Loadings 


The main loads imposed during the tests at 


Farnborough were a) cabin pressure b 

steady loads in level flight and (c) up-and-down 
gust loads on the wings. The cabin pressure was 
simply a cycle of differential pressure rising from 
zero to 8.25 psi. and falling again to zero, such 
as occurs in a climb to 40.000 ft 


ground level. Superimposed gust loads on the 


and return to 


wings corresponded to alternate up-and-down 
gusts of 10 ft 
In this life-sized test under alternating loads 


pe sec 


the first damage occurred when a portion of the 
about 8 x 3 ft 
This 


escape hatch, with its window insert, on the port 


cabin wall in size, was forced 


outwards portion included the forward 
side. On later examination a small fatigue crack 
in the skin was discovered at a rivet hole in the 
lower rear corner of the escape hatch frame. It 
start of the 


failure which progressed rapidly. Even later ex 


was considered that this was the 


amination revealed another crack about 14 in 
long in the cabin skin at the upper rear corner 
of the first 


spar on the port side 


window forward of the wing reat 


Metallurgical Examination 


The fractures in the fuselage of the test Comet 
G-ALYU after a total of 3057 pressurized “flight 
cycles” in the water tank were examined most 
A piece of the skin 


from the port side fuselage, containing one side 


carefully at Farnborough 


of the longitudinal fracture produced im the 
fatigue test was examined for evidence of fatigue 
D.T.D. 546 


6 in 


This portion of 20-gage (0.036 in 


clad aluminum sheet* was about 7 ft long 


and had an average width of about 8 in. The im 


portant region was the inner surface at the lower 


and = thinner) The test pieces 


must withstand without cracking 


from the being bent as spec ified in Clause 


Chemical Composition 


2.1 The chemical composition 
of the alloy comprising the core of 
the sheets and coils shall be: cop 
per, not less 
than 4.8% 
silicon 


than 3.5 nor more 
iron, not more than 1.0% 
not more than 1.5%; mag 
not more than 0.6%; man 
not more than 1.2%; titan- 
than 0.3%, and 
aluminum, the remainder 

2.2 The composition of the coat- 
ing shall be 


~~ 


than 99.7% 


nesium 
’ . 
Vanese 


nim not more 


aluminum, not less 


samples selected and prepared as 
specified in Clause 7 must comply 
with the following tests 

Tensile Test 0.19 proot stress 
[applicable only to sheets and coils 
thicker than 25 standard wire gage 
(0.020 in.)] not less than 21 tons 
(47,000 psi 
tensile stress, not less than 27 tons 
per sq. in (60,500 psi for sheets 
than 12 S.W.G 


elongation not les 


per sq.in ultimate 


and coils thicker 
(0.104 in.) 
than 8% 

Single 
only to 


Bend Test 


sheets and coils 


applic able 
12 SW.G 


6.4 over a radius « qual to five times 
the nominal thickness of the sheet 
or coil 


|Eprron’s Apprrion: The 


corre 


sponding American alloy j 
24 S-T 4, nominal composition 4,54 
Cu, 0.6% Mn, 1.5% Mg. In Alelad 
1/16-in. sheet the tensile strength 
is 58.000 psi min the vield 
17.000 psi. min ind 


elongation in 2 in. is 11% min 


strength is 


Endurance strength for 500 million 
cycles in reverse bending of bare 
24 S-T 4 is 20,000 psi see Metal 
Progress Data Sheet No. 521 
MAY 


1955 
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part of the escape hatch. As shown in Fig. 3, 
fracture had occurred through two countersunk 
rivet holes at the rear edge of the hatch, and 
another at the forward edge. The fracture at the 
rear side of the hole was consistent with fairly 
rapid fatigue and similar in form and texture to 
other fractures produced in the laboratory with 
fresh D.T.D.546 sheet in test specimens, con- 
taining a drilled hole, when loaded axially in 
cycles from zero to a load sufficient to break 
them after 800 to 4000 loadings. 

On the forward side of the rivet hole, the angle 
of fracture was off normal and gradually changed 
to that consistent with tensile failure, approxi- 
mately 45° to the direction of maximum stress. 
This again indicated rapid failure that most 
probably commenced after the start of a fatigue 
crack on the rear side of the hole. Under the 
microscope, small specks of green algae were 
present in the fracture along a hollow portion 
0.07 in. long, suggesting that this was probably 
the length of the fatigue crack before the very 
rapid tensile tearing commenced, The surface 
of the countersink on the rear side was rough 
and blackened due, most probably, to a com- 
bination of attrition and corrosion. Such roughen- 
ing would also lower the endurance of the metal 
appreciably, 

Of the other two rivet holes, the fractures at 
the rear and forward edges of one were more 
consistent with tensile failure, but in the other, 


a tiny area of fatigue fracture was present at 


rear and forward edges, leading into a coarser 


fractured surface more typical of tensile failure. 

The total equivalent life, including actual fly 
ing of the aircraft tested, was 3057 pressurized 
flights; 439 unpressurized flights; six proving 
tests to 11 psi. and 9000 hr. total flying 

The pressure cabin of “Yoke Uncle” was re- 
paired at this stage, a complete new piece of 
structure being fitted into place at the region 
shown in Fig. 2. Strain gages were then attached 
all around the window corners. The results for 
the worst situations, given for the component 
loadings separately, were as follows 

LOADING 

8.25 psi. pressure (by strain gage) 

Plus extrapolation to edge 

Difference between steady loads in 


level flight and aircraft on ground 650 
Gust of 10 ft. per sec. 1,950 


STRESS 
35.100 psi. 
8,000 


Total, maximum 45,700 psi 
Thus a peak stress of 45,700 psi. was deduced, 


a stress which, in practice, is reached two or 
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three times per flight. For the actual material 
(D.T.D.546) the estimated static strength is 
about 65,000 psi., so that the peak working stress 
was 70% of the ultimate! Furthermore, rivet holes 
in the stress field cause localized increases in this 
measured stress over regions too smal! for meas 
urement by strain gages. 

While these tests were being made on the 
ground two other Comets had been converted 
into flying laboratories. One, G-ALAV or “Able 
Victor” was plastered inside and out with strain 
gages, loaded with recording instruments at 
tended by a score of observers, and flown daily 
to compare actual and computed stresses for 
various flight conditions. A third, G-ALYS on 
“Yoke Sugar” was used for fueling tests to de 
termine the possibility that the disasters might 
have been caused by gasoline explosions, a 
hypothesis noted below 


Fatigue Tests on D.T.D. 546 Material 


Fatigue tests were made on D.T.D. 546 ma 
terial in a Haigh fatigue machine, and on cylin 
ders loaded cyclically with internal pressure 

The Haigh machine varied the stress in a 
drilled specimen from zero to a maximum. The 
specimen was 0.5 in. wide, 0.035 in. thick and 
the hole 0.012 in. in diameter. The theoretical 


stress concentration factor was 2.42. The results 


Fig. 3 — Close Up of F uselage Skin at Bot 
tom Rear Corner of Escape Hatch, After Fail 
ure Shown in Fig. 2, Viewed From Outside 


Failure 





Fig. 4 — Fatigue Tests on 


~N 
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D.T.D. 546 Alclad. Ax- 
ial tests on drilled speci 
men (stress concentration 
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obtained are shown as the full line in the ac 
companying graph, Fig. 4, plotted by the author 

Tests on large hollow cylinders, 44 in. in 
diameter, were caried out by an outside firm. 
The cylinder walls were 0.036 in. thick; they had 
a riveted lap joint along one side and a riveted 
butt along the other. Rivets were % in. diameter 
with countersunk heads. The cylinders were 
loaded cyclically with internal pressure which 
varied from zero to a maximum. Results of these 


tests are given in the dashed curve 
Opinions From the Farnborough Report 


The Farnborough Report (portions of which 
formed part of the evidence before the court) 
contains an outline of the investigation and states 
the opinion which the Royal Aircraft Establish 
ment’s staff had formed as to the cause of the 
accident 

"We have formed the opinion that the accident 
at Elba was caused by structural failure of the 
pressure cabin, brought about by fatigue. We 
reach this opinion for the following reasons 

“lL. The low fatigue resistance of the cabin has 
been demonstrated by the test described and the 
test result is interpretable as meaning that there 
was, at the age of the Elba airplane 
risk of fatigue failure occurring 

“2. The cabin was the first part of the airplane 
to fail in the Elba accident. 


“9 


3. The wreckage [assembled as in Fig. 5] in- 


a definite 


dicates that the failure in the cabin was of the 
same basic type as that produced in the fatigue 
test. [See Fig. 6] 

“4. This explanation seems to us to be con 


sistent with all the circumstantial evidence 


Cycles 


“5. The only other defects found in the ait 
plane were not concerned at Elba as demon 
strated by the wreckage 

“Owing to the absence of wreckage, we are 
unable to form a definite opinion on the cause 
of the accident near Naples, but we draw at 
tention to the fact that the explanation offered 
above for the accident at Elba appears to be 
applicable to that at Naples 

(It might be added that the medical evidence 
as to the state of the bodies recovered was con 
sistent with the conclusion thus reached 

Other defects mentioned in 5 above were 
a) the relatively low resistance of the wing to 
fatigue; (b) the possibility of gas from the fuel 
tank venting system entering the trailing edge 
area of the wing near the jet pipe shrouds; and 
(c) risk of internal damage during refueling to 
the outer wing tanks under conditions which 
though abnormal, may sometimes have occurred 
in practice. (As noted above, this possibility had 
been exhaustively studied during flights with 
G-ALYS, “Yoke Sugar 

Lord Cohen, in charge of the inquiry, sub 
sequently accepted the main conclusion of the 
Farnborough Report, that the cause of the acci 
dent to the Elba Comet was the structural failure 
of the pressure cabin brought about by fatigue 
Owing to the absence of wreckage at Naples 
Lord Cohen could but agree with the opinion 


suggested in the Farnborough Report 
Metal Fatigue 


The assessors gave general information on 
metal fatigue, stating that the fatigue of metals 
has been studied for upwards of 100 years, and 
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Fig. 5 — A Considerable Portion of the Wrecked Structure of 
Had Been Recovered From Sea Bot- 


G-ALYP (“Yoke Peter’) 


} ate 


tom Near Elba and Fitted Together on a Wooden Skeleton 


there is a world-wide literature about it. The 
name correctly suggests that metals (and indeed 
other materials) suffer from a type of weakness 
not unknown to human beings. They will break 
after loads which are repeatedly applied and 
removed, even though they can support a much 
larger steady load without distress. 

There is one generalization which applies to 
all failures due to fatigue. The higher the in- 
tensity of the stress (unit load) caused by the 
external load, relative to that which would just 
cause failure when applied once, the lower is 
the number of applications of that load under 
which failure by fatigue will occur. The higher 
or more intense the repetitive load, the shorter 
the life will be. 

A second generalization applies to certain 
materials (in particular steel —though not, in 
general, to alloys of aluminum): There is a 
sizable fraction of the ultimate strength below 
which fatigue is borne indefinitely. This is usu 
ally termed the endurance limit. 

Enough is now known about the fundamental 
physics of metallic fracture for engineers to be 
aware that there is still much to be learned about 
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fatigue. Research is continuous. But this relates 
more to discovering how to improve the resist 
ance of materials to fatigue than to removing any 
doubts about the principles which should govern 
the design of engineering structures which must 
have long life under fluctuating loads. This is 
true both of mechanisms (such as rotating ma 
chinery where the number of cycles of loading 
in an economic life runs into millions or billions, 
and the computed loads of service must then be 
below the endurance limit), and of relatively 
static structures, such as bridges, or the wings or 
pressure cabins of aircraft, where the alterations 
which must be carried safely are numbered in 


thousands, and hence the unit stress computed 


for the principal members can be somewhat 
higher. 

Designs to take advantage of a higher level 
of stress than the one just mentioned are com- 
paratively rare. Virtually no engineering com- 
ponents are designed to have a short life under 
alternating loads. Nor would it be easy so to 
design them with any confidence since the “scat- 
ter” of experimental points defining the upper 
leg of the so-called S-N curve is very high. There 





Fig. 6 —Small Areas in Fracture of Skin Plates 
From “Yoke Peter” Recovered From Sea Near Elba 
Top view of broken skin is about two-thirds siz 

middle and bottom views of edge at A-B and C-D 
respectively of broken 20-g. (0.036-in.) sheet are 
magnified about three times. These tiny fatigue 
cracks were found when stripping an area around 


an aerial window for a radio direction finder 


fore the symptoms of failure after relatively few 
cycles are quite unfamiliar; they are also less 
specific. The process has not gone on very long, 
and most of the obscure symptoms of a disease 
which spreads gradually are absent. This is not 
to say that fatigue failures in machinery are rare 

quite the opposite. But these result from un 
anticipated variants either in the fabrication 
shops or in service which introduces “stress 


raisers’ into the part which fails — usually 
notches, scratches, or corrosion roughening. The 
uninitiated and the mechanic have a pat (but 
completely erroneous) name for such failures 
“recrystallization” 

In the evidence given by Alfred J. Murphy 
professor of industrial metallurgy at the Uni 
versity of Birmingham, are two remarks which 
summarize the situation as seen by an experi 
enced metallurgist. He said: 

“I am strongly impressed by the high general 
level of stress around the corners of the cabin 
windows, and I do not feel it necessary or even 
relevant to try to pursue the last final speck, as 
which set off the fatigue failure. | think 


in various places there was a 


it were 
readiness for 
fatigue failure, and it required only a mild stress 


raiser (such as a rivet or bolt hole 


to initiate 
failure The prime consideration is, I think 
to get the general stress level down so that you 
are not in jeopardy in this way. If you can get 
the general stress level down, you can tolerate 
the variations which are very liable to happen 
in practical manufacture. If you have a high 
stress level, you are setting yourself the task of 
guarding against most minute variations from 
the ideal 

The Comet investigation and other research 
have resulted in a wealth of new knowledge and 
will benefit aviation throughout the world where 
it is heeded. This knowledge will be built into 
new British aircraft coming along. The makers 
of the Comets, de Havillands, have stated that 
among other future measures, they propose to 
use thicker-gage materials in the pressure cabin 


area and to strengthen and redesign windows 


Signs of Fatigue % 
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and cut-outs, and thus lower the general stress 
to a level at which local stress 
either 


concentrations 
at rivets and bolt holes, or such as may 
occur by reason of cracks caused accidentally 
during manutacture or ubsequently will not 
constitute a danger. In addition, de Havillands 
are already engaged on an extensive program of 
detailed testing to establish a design technique 
which will minimize the effect of such local stre 
raisers as are necessarily inherent in the design 
The Minister of Transport recently announced 
that the decision has been made to go ahead with 


the employme nt of the redesigned Comets II and 


itl ona large s¢ ile +] 
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Cast Bolts 
for 
Pipe Joints 


By C. K. DONOHO* 


4 


Cast bolts are mass-produced in 

metal molds with short-cycle annealing; 

nuts are gray iron, shell molded. They combine 
good mechanical properties and corrosion 





A nove. metallurgical process is used by 
American Cast Iron Pipe. Co. to produce cast 
iron bolts for mechanical joints in cast iron pipe. 
White iron bolts are cast continuously in metal 
molds mounted on turntables and malleablized 
by annealing. The unique feature of the processt 
is that, because of the quick freezing in the metal 
molds, the silicon content of the iron can be 
run as high as 3%. Such material can be annealed 
in about one-tenth the time required for conven- 
tional sand cast malleable analyses 

The annealed bolts have good machinability 
for threading, about 60,000-psi. tensile strength 
with adequate toughness, and corrosion re- 
sistance at least comparable to that of the cast 
iron pipe with which they are used 

A cross section of a typical mechanical joint 
for cast iron pipe will illustrate the use of the 
bolts to maintain permanent compression of the 
rubber gasket. (See drawing on opposite page. ) 

Bolt Production — The molten metal is ob- 
tained from a 30-in, cupola melting about 2 tons 
per hr. The metal charges consist essentially of 
steel scrap, return bolt scrap, and high-silicon pig 
iron. Copper is added up to about 1% for cor- 
rosion resistance — as will be discussed toward 
the end of the article. The desired compositional 

*Chief Metallurgist, American Cast Iron Pipe Co., 


Birmingham, Ala. 
U.S. Patent No. 2,220,792. 
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resistance for joints in pipe lines. 


limits are: total carbon 2.40 to 2.80%, silicon 2.60 
to 3.20%, sulphur 0.15% max., phosphorus 0.15% 
max., manganese 0.609 max., Copper 0.60 to 1.00% 
When this metal is poured into the cast iron 
molds a completely white fracture casting is 
obtained 

Molds are closely mounted side by side on 
two turntables, 60 molds to each bolt “wheel’ 
These molds are machined from soft cast iron 
blocks, and the metal is poured into them from 
suspended hand ladles. As the motor-driven 
turntables slowly revolve, the two halves of the 
bolt mold close and are clamped together at the 
pouring station, then are automatically separated 
after the bolt is solidified, and the hot bolt 
removed from the mold. 

Casting rate can be maintained at about 30 
bolts per min, per turntable, or up to one bolt 
per second for the complete operation. The mold 
coating is acetylene soot automatically applied 
to the mold cavities just before the pouring sta- 
tion. Mold temperatures are controlled by adjust 
able water sprays. 

Malleablizing heat treatment is in a continuous 
pusher-type gas-fired furnace. Bolts are loaded 
on alloy trays, heated to 1700° F., held 45 min 
then cooled in about 1% hr. to 1250°F., and 
finally air cooled. The complete cycle can be 
carried out in 4 to 5 hr. 

Annealed bolt blanks are tumbled to remove 
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scale and then threaded in automatics. The — the melted metal. The efficiency of the annealing 
decoration at the head of this article shows a treatment is controlled by making regular Brinell 
variety of cast bolts which we produce. Actual hardness and bend tests on bolt blanks emerging 
sizes range from % to Ls in. in diameter and up from the continuous annealing furnaces, Rock- 
to 8 in. long well hardness testing checks the efficacy of the 
Nut Production — Extensive testing has proved heat treatment of nuts. Final proof testing of 
that the high tensile strength required for the finished bolt-nut assemblies is done in a pneu 
bolt metal is not necessary in the nuts. Accord- matic tension machine applying an appropriate 
ingly nuts are cast of a normal foundry grade of axial pull — equivalent to 50,000-psi. unit stress 
gray iron, and in sand by the shell molding for the %-in. size. This final proof testing is not 
process The 20 * 30-in. pattern plate used for a 100% inspection but is carried out on lots 
4-in. nuts carries 160 individual patterns gated selected by a statistical sampling scheme de 
into two common runner systems. About one signed to assure us that less than 0.5% of out 
complete shell is made per minute. going bolts will have a yield strength lower than 
In operation, a sand mixed with 4% of resin 50,000 psi. 
is dropped on the hot pattern. The pattern plate Engineering Properties — A typical microstruc- 
immediately passes under a radiant heater to ture of annealed bolt metal is essentially temper 
cure the top surface of the resin sand. After carbon nodules in a matrix of silicoferrite. The 
curing, the pattern is inverted and the shell mold __ effect of nearly 3% silicon and 1% copper in solid 
ejected downward as shown in the halftone on 
the following page. Shells are backed by coarse 
gravel sand for casting. 


|) 
au 


Nuts are given a low-temperature anneal for 
stress relief and to insure uniform machinability 
in the tapping operation. They are cleaned by 
tumbler and then reamed and tapped in auto- 
matic machines 

Quality Control — Mass production operations 
of this sort are particularly amenable to statistical 
quality control. In our bolt manufacturing, such 
control starts with inspection and testing of the 
incoming raw materials. Hourly chemical anal- 
yses of the molten metal plus periodic spectro- 
graphic checks on residual or tramp elements 
provide the basis for composition control, Regu- 
lar fractures of as-cast bolts plus standard wedge 
chill tests measure the “mottling” tendency of 


Three-Man Crew for Casting Bolts From Hand Ladles 
on Revolving Turntables at a Rate of 60 Per Min. 
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solution in the ferrite is to increase the hardness 
and strength considerably above that of ordinary 
malleable iron although ductility is lowered 

A typical stress-strain diagram of a 5.05-in 


tensile bar cast of standard bolt metal and malle 


ablized shows a straight-line relationship up to 


about 45,000 psi. and a modulus of elasticity of 
21,000,000 psi. Yield strength (at 0.2% offset) is 
60,000 psi.; ultimate is 70,000 psi., and elongation 
at fracture is 5.3%. Having around 5% elongation 
the bolt has enough ductility to resist bending 
stresses which may be encountered in normal 
service — due to settlement of pipe in a trench 
say — yet the ductility is not enough for the bolt 
to stretch if an over-eager workman tightens the 
nut unduly 

When these bolts were first produced in 1937 


a copper-free metal was used (except for tramp 
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Shell Mold for 160 Nuts 
After Stripping From 
Horizontal Pattern Above 
Cycle: one mold per min 


copper ). It was found that, in some installations 


such as condenser piping submerged in sea 
water, the bolts and nuts were failing while the 
pipe was still serviceable. Since iron is made 


more cathodic by alloying with more noble 
elements which form simple solid solutions cop 
per was introduced and found to make the bolts 
cathodic to the 


free or low copper pipe metal with which they 


in most electrolytes ) copper! 
are in electrical contact. 

This change decreased complaints about bolt 
corrosion. An unplanned confirmation of the 
benefit of copper occurred during World Wat 
If when copper was not available for alloying 
For several years afterwards complaints of bolt 
corrosion could almost always be traced to the 
copper free bolts that had been produced during 


the critical war vears So 


Annealed Bolt 
Temper Carbon Nodules in 
Ferrite Containing Silicon 
and Copper in Solid Solution 


Consists of 





Arc-Cast Molybdenum- 


Ingot to Bar, 
Sheet or Wire 


By N. L. DEUBLE* 


The second in a series about arc-cast molybdenum and 
molybdenum-base alloys. Hot ingots are covered with 

slippery molten oxide and extrusion is better than forging for 

initial reductions. Further rolling to bars and sheet, hot swaging to rod, 
and hot drawing in diamond dies give little difficulty. 


ms cast molybdenum has a coarse struc 


ture as cast 


which requires considerable me 
chanical working to make it fine-grained. In in 
gots made by powder metallurgy the grain size 
as sintered, is fine 

| ora number ot commercial metals and alloys 


the normal forging temperature is about 80% of 


the melting point, which would be around 3800° 


F. for molybdenum. Since no commercial equip 
ment is available for forging and handling such 
hot material, methods of working with present 
facilities have had to be developed. Forging tests 
over the range 2000 to 2800° F. showed that 
properly deoxidized molybdenum worked best at 
2200 to 2400° F 

It also appears that the workability of ingots is 
determined largely by the molybdenum melt 
ing process. Forgeability is related to deoxida 
tion. If deoxidation is not complete, plates of 


molybde nui oxide can be obse rved in the trac 


ture at high magnifications; such material will 


crack in forging even under the most favorabk 
conditions. On the other hand, completely d 
oxidized molybdenum is readily forgeable. In the 
( limax process dese ribed in Metal Progre ss last 
month, the rate of melting has a considerabk 
effect on surface quality, since splatter on the 
mold walls is not remelted and will cause su 


face defects. All ingots, therefore, are turned be 


fore further processing. (The chips are salvaged 
by remelting 


Rolling and Forging — Rolling of arc-cast 
molybdenum ingots to bars was attempted first 
In the early stages, a 2-in. round ingot was su 
cessfully rolled on a toolsteel mill, Subsequent 


attempts to roll similar and larger ingots with 
I 


*Manager, Metallic Molybdenum Sales 


Climax 
Molybdenum Co.. New York City 
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Fig. 5 — Forging Molybdenum on 600-Ton 
Hydraulic Press at Climax Laboretory* 











hand-round passes, using rather light reductions 
at 2200 and 2500° F., failed 
usually after the second or third pass. 





the ingots cracked, 











Forging attempts ran into difficulties because 





of the rapid oxidation of molybdenum above 





1800° F. Under some conditions, the oxide does 











not sublime immediately but forms a liquid on 





the surface; the ingot is then very slippery and 
difficult to handle. Because of the liquid oxide, 














it was almost impossible to hammer ingots be- 





tween flat dies; such flat dies also developed a 





bad stress pattern, which usually resulted in 45° 





cracks from the corners. Round swaging dies 











were not suitable because of the slow rate of 











working. The combination of a flat upper die 





with a lower die having a 90° Vee proved satis- 








factory because the metal was prevented from 
slipping and the stress pattern was favorable 
See Fig. 5.* 

















In forging an octagon with this set-up, the 





force of the blows had to be limited to maintain 








satisfactory shape; this also minimized cracking. 


A 4-in 


*Figure from the first 
installment in this series published in April Metal 
Progress, p. 87 





diameter ingot, 30 in. long, could be 














| 
numbers are continued 
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forged to a 2-in. octagon even though it was 
necessary to reheat as many as 15 times. ( Mo- 
lybdenum has high thermal conductivity and low 
specific heat.) A number of 6-in. diameter ingots 
30 in. long were forged to 4-in. octagons, but 
yields were low because of end cracking and oxi 
dation losses. Forging a 9-in. ingot on a 1500-ton 
hydraulic press also proved discouraging because 
of cracking 

Extrusion — Under these circumstances we 
turned to extrusion, which would keep the metal 
under This 


ought to be the ideal way of reducing ingots to 


compression from all directions 
billets for further conversion. Early trials failed 
because of inadequate press capacity and lubri 
cation, even though extrusion ratios as low as 
2 to 1 were used. 

In 1950 we heard of a new process using high 
speed presses and glass as a lubricant (the 
Ugine-Séjournet process), developed in France 
by Comptoir Industriel d’Etirage et Profilage de 
Métaux. Drilled ingots sent to France were suc 
cessfully extruded to tubes in March 1951 (Fig 
6). Later 


were sent to France and extruded into round and 


ingots of molybdenum-base alloys 


flat bars for rerolling 


United 
States were licensed under the Ugine-Séjournet 


Meanwhile, several companies in the 


process, so arrangements were made with one of 
them, the Babcock & Wilcox Co 
cast molybdenum ingots into billets for rerolling 
( Fig. 7) 


to extrude ar« 


An extrusion ratio of 4 to 1 is usual for 
unalloyed molybdenum ingots, and 3 to 1 for al 
loyed. Because of such small reduction the 
surface is not particularly good. There is consider 
able opening-up of the forward end of the extru 
sions (Fig. 8), but we are hopeful that this loss 
can be reduced 

Molybdenum requires considerably more lu- 
brication than Type 304 stainless steel. In a salt 
bath, 2300° F. is satisfactory for either unalloyed 
or alloyed ingots. When molybdenum-base al 
loys were heated in a small gas-fired furnace, the 
lowest extrusion pressures were obtained at 
2600° F. The lower temperature with salt-bath 
heating probably results from better adhesion of 
the glass to the salt-coated surface, and hence 
better 


perature above 2600° F. did not lower the extru 


lubrication in the die. Raising the tem 
sion pressure for gas-heated alloys 

Some special development work, using induc 
tion heating, is In progress at Babcock & Wilcox 
Co., that indicates that less ram pressure is re 
quired with this type of heating than with either 


salt bath or gas furnace. With this new method 








o ’ 


Fig. 6 — Tubes Extruded by Ugine-Séjournet 
Process From Drilled Molybdenum 


Ingots 


Fig. 7 
Extrusion Press (Babcock & 


there is less loss due to bursting of the front end 
of the extrusion, thus increasing the yield. The 
largest unalloyed molybdenum ingot extruded 
to date was 8% in. in diameter and weighed more 
than 400 Ib.; 
With induction heating, 


it was extruded to a 6-in. round 
it is anticipated that 
larger extrusion ratios will be possible 

At present time, extrusion is used exclusively 
to break down unalloyed and alloyed arc-cast 
ingots into billets for rerolling. Normally, turned 
ingots, 6% in. in diameter, 20 in. long, weighing 
about 260 Ib., are extruded into bars about 4 in 
in diameter. Smaller sizes can be extruded from 


unalloyed molybdenum, but this would be point- 


less since a 4-in. round can be rolled satisfactor 
ily and handled more economically 

Extrusion is safer than forging because no 
hazard is presented by slippery ingots. In addi- 
tion, the extrusion process gives a better yield of 
sound stock at lower cost than is possible with 
forging, for the following reasons: 


1. Only a single heating is needed for extru- 


Molybdenum Billet Coming From 
Wilcox Co.) 


sion; with salt-bath heating, there is no oxidation 
of the ingot. On the other hand, with gas heating 
and forging, weight losses from repeated heating 
can be as much as 10 or 12% 

2. During extrusion, the molybdenum is under 
uniform compression, in forging this is not so 


Uniform compression in extrusion 


minimizes 
cracking, so larger yields of sound material are 


obtained 


Processing of Extrusions 


Glass covered extrusions ( Fig 9) must be con 
ditioned before rolling. This consists of removing 
the glass, cropping the ends to sound material 
heating to recrystallize the structure, straighten 
ing, turning to remove surface defects, and nos 
ing. The turned extrusions, generally about 3% in 
round, are then rolled to bars 3 in. round or less 
(depending on the application) on a toolsteel 
hand-round or guide mill. Temperatures are 2400 
to 2100° F 


ing rolling because the metal cools so rapidly 


It is usually necessary to reheat dur 
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that the bars will not enter the roll passes or 
guides, Generally, no particular trouble is en 
countered in rolling bars down to % in. round. 
Sizes under % in. are processed in the same way 
Details 
% 


vary from plant to plant but the %-in. round bars 


as powder-metallurgy molybdenum. 
are generally swaged in an automatic machine 
where the bars are heated just before entering 
the dies and fed automatically so their tempera 
ture is suitable for the bar size and speed in- 
volved, Swaging is replaced by hot drawing 
(usually through diamond dies with a special 
lubricant) at about 0.1 in. diameter. Wires as 
fine as 0.0012 in. have been drawn from arc-cast 
molybdenum-base alloys 

For sheets, the 3%-in. rounds are rolled to sheet 
bar, approximately 1 3% in. These are cropped 
recrystallized and cut to length for rerolling 
Heavy initial reductions of the sheet bar are 
necessary to avoid laminations in the final sheet. 
The breakdown temperature is nominally 2500 to 
2200° F. After a reduction of area of at least 50% 
the temperature is gradually dropped so 0.060-in. 
sheet, for example, is finished at 1500° F. For 


Fig, 8 
denum Alloy Extrusions 


Cropped Ends of Molyb 
Half size 
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lighter gages of sheet the processing is the same 
for arc-cast molybdenum as for that made by 
powder metallurgy. 

Cleaning — Pickling is seldom a problem b« 
cause molybdenum is normally free-scaling. A 
vapor blast is the easiest way to remove an oxid 
coating, but a grit blast will also serve. The 
only chemical means for removing a coating i 
bath 


safety hazards inherent in any such operation 


a molten caustic although this involves 
Good results have been obtained with a bath of 
90% potassium hydroxide and 10% sodium nitrit: 
operated at 600° F. 


The Future 


Larger bars and sheets will undoubtedly bs 
produced in the near future when extruded 


billets with a turned diameter of 5% in. by about 


3 ft. long become available. When more powerful 


extrusion presses, better lubrication, or higher 


temperature heating furnaces are developed 
larger sizes will be possible. Still heavier sections 
of arc-cast molybdenum would require new facil 


ities for melting as well as extruding rs | 


Fig. 9 — Surface of Extruded Billet 
Before Removal of Glass Lubricant 





Electroplating 
on 
Aluminum 


By R. PF. HAFER* 


Aluminum plated with most of the common 
metals is being put to increasing use 

in hardware, electrical equipment 

and jewelry. Careful surface preparation 

is needed to obtain sound 

and adherent electrodeposits. 


T 
HE INCREASING number of applications for elec 


troplated aluminum parts, both decorative and fun 

tional, is proving the practicality and economy of the 
present finishing processes. Although processes for 
plating on aluminum were available as early as 1928, it 
has been only in the past few years that aluminum has 
been plated in production quantities. The same eco 
nomic forces that have influenced the aluminum indus 
try to more than double its refining capacity since 1946 
have caused manufacturers and fabricators to find more 
applications for aluminum and consequently for plated 
aluminum parts. Successful use of electroplating proc 


*Finishing Engineer, Products and Applications Dept 
Revnolds Metals Co., Louisville, Ky 
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esses for aluminum is dependent on the solving 
of several inherent problems, most important of 
which is the removal of the oxide or hydroxide 
film that prevents satisfactory adherence of met- 
al deposits, Alloying greatly affects the chemical 
and electrochemical activity of aluminum. For 
this reason most electroplating practices must be 
modified to some extent for each alloy. Alumi- 
num and its oxide are amphoteric and are sub- 
ject to attack in many standard plating solutions 
On account of its position in the electrochemical 
series, aluminum replaces the more positive met- 
als from their solutions, generally forming 
spongy, loosely adherent deposits of these metals 
on its surface. 

The type of product must also be taken into 
consideration, Castings are not usually as metal- 
lurgically sound as wrought products, Suitable 
steps must be taken to avoid the possible entrap- 
ment of plating solutions in porous areas since 
entrapment may lead to serious local corrosion 
and subsequent blistering of the electrodeposit. 

It is important that electrodeposits on alumi- 
num, particularly under severe corrosive condi- 
tions, be sufficiently thick and of good quality 
Metals plated on aluminum and its alloys are 
generally cathodic to it, and thus voids in the 
electrodeposit make the base metal highly sus- 
ceptible to localized galvanic corrosion. 


Plating Processes 


Four basic ideas have been evolved to obtain 
adherence of electrodeposits on aluminum: 

1. By mechanical keying to etched or mechani- 
cally roughened surfaces. 

2. By anodizing to produce porous or modified 
aluminum oxide films. 

3. Forming suitable initial films of metals by 
immersion plating. 

4. Direct electrodeposition. 

It should be pointed out that because many of 
the processes described in this article are still 
subject to patent claims, the patentee should be 
consulted before these processes are put to use. 

In 1928, H. K. Work of the Mellon Institute 
developed what is generally regarded as the first 
commercial process for electrodeposition on 
aluminum. The principle of the process was to 
etch so as to produce undercutting pits that 
would serve as mechanical keys for the subse- 
quent electrodeposit. Control of the etching so- 
lutions was difficult and bright surfaces could be 
obtained only by considerable mechanical fin- 
ishing of relatively thick electrodeposits. At- 
tempts to produce suitable keying surfaces by 
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Operating Conditions 
for Phosphoric Acid Anodizing 





ia Temper-| CURRENT Vo.t- | Tie 
ATURE Densiryt AGE 

Solution of 85% H,PO, in water to sp. gr. of 1.300 
1100 | 87°F. | 12 22 
4004 85 12 22 
052 85 12 5 10 
6061 85 12 22 7 

Solution of 85% H,PO, in water to sp. gr. of 1.1134 
2024 75 10 to 15 5 to 26 10 

No. 13* 95 17 17 15 


5 min 


) 











*Casting alloy tAmp. per sq. ft 

mechanical methods, such as sand-blasting, re 
sulted in fair adherence; the limitations of blast 
ing techniques were similar to those of the Work 
process. 

Satisfactory electrodeposits can be made di- 
rectly over porous aluminum oxide films, these 
being produced by anodizing in phosphoric acid 
solutions. Since the anodic film acts as the key 
ing medium, the adherence and uniformity of 
the electrodeposit is dependent on the uniform- 
ity and adherence of the anodic oxide film. 

The aluminum must be thoroughly cleaned 
then etched very slightly in caustic soda or solu 
tions of sodium carbonate and sodium phos 
phate. Following cleaning and etching, the work 
is immersed in concentrated nitric acid to re 
move metallurgical contaminants, rinsed, then 
transferred to the phosphoric acid anodizing so- 
lution. A concentration of 53 to 55.5 oz. of 85% 
phosphoric acid per gallon of solution works well 
for all but copper and silicon-bearing aluminum 
alloys. The anodizing solution should be made 
with distilled water or with water low in halo 
gens and sulphates. The concentration of the 
electrolyte is not critical for wrought products 


but the variables of time, temperature and cu 


rent density are quite critical for all products 
The operating conditions for anodizing with 
phosphoric acid are listed in the table above 

Following the anodizing treatment the alumi 
num can be plated from many standard low-pH 
plating solutions. The initial electrodeposit is at 
the base of the pores in the oxide film. The elec 
gradually extends through the 
pores until the surface becomes plated. Poor ad 


trodeposition 


herence can generally be attributed to films that 
are too thin or too porous, and incomplete COV 
erage of the electrodeposit to insufficient porosity 
of the oxide film. 

Plating over films made by phosphric acid 
anodizing is sensitive to surface discontinuities 





Also, suitable oxide films can 
be formed on only a limited number of alloys. 
For these reasons the process has only limited 
commercial application. 


and irregularities 


There are several other processes involving 
anodizing techniques, but they have not found 
wide commercial applications in the United 
States. The best known of these are the “Elytal 


Process’ and the “Krome Alum Process”. In 
these processes electrodeposition is made over 
anodic films that have been cathodically reduced 
in the plating bath, or on anodic films modified 
in sodium cyanide solutions to obtain the desir- 
able porosity. 


Zinc Immersion Process 


The commercial practice being used at pres- 
ent to preplate aluminum and its alloys for sub- 
sequent electroplating is the sodium zincate or 
the zinc immersion process. This was first de- 
scribed in 1927; 


have been made in both the zincating solution 


since that time modifications 


and in the methods of surface preparation prior 
to the immersion deposit. The current recom 
mended practice for the preparation and electro- 
plating of aluminum and its alloys is described in 
A.S.T.M. Designation B 253-53. The basic pro- 
cedures for this process are: (a) cleaning, (b) 
surface conditioning, (c) zincating and(d) elec- 
troplating 


Cleaning — It is essential that the surface be 
free of oil, grease, and other soils prior to surface 


conditioning. The use of mild etching or inhib- 


ited alkaline cleaners is recommended. If the 


surface is heavily contaminated with grease and 


oil, solvent or vapor degreasing may be required 


Section of Busbar Distribu- 
tor System. Light-colored 
ends of bars and 
blocks holding the bars) are 
silver plated. (Courtesy Bull 
dog Electric Products Co. 


portions 


Surface Conditioning — The surface of the 
aluminum must be conditioned after cleaning so 
that an adherent and continuous metallic zinc 
film is deposited during the preplate immersion 
For most wrought alloys a conditioning treat 
ment consisting of immersion in a 15% solution 
of sulphuric acid (specific gravity 184) main 
tained at 175 to 185° F 
by rinsing, and a 15-sec. dip in a 50% solution of 
1.42) is 


For wrought alloys of the magnesium 


for 2 to 5 min., followed 


nitric acid (specific gravity recom 
mended 
silicide type the addition of 4% by volume hydro 
fluoric acid to the nitric acid solution is benefi 
cial. Although this treatment is satisfactory for 
many casting alloys, alloys containing appreci 
able amounts of silicon should be conditioned 
for 3 to 5 sec. in a solution of three parts nitric 
acid (specific gravity 1.42) and 1 part hydro- 
fluoric acid (48% HF1). 

Zincating — The principle of the zinc immer 
sion process is one of chemical replacement 
aluminum ions replacing zinc ions from aqueous 
solutions containing zinc salts. With proper clean 
ing and surface conditioning, a thin, adherent 
film of metallic zine will be deposited on the 
aluminum surface 

The standard zincating solution is made up 
of 525 g. per |. of commercial sodium hydrox 
ide and 100 g. per l. of technical zinc oxide 

Although this solution is highly alkaline, the 
aluminum is etched only slightly and the adhe 
sion of the zinc film is dependent almost solely 
on the metallurgical bond between the zinc and 
aluminum. The quality and adhesion of subse 
quent electrodeposits depend on obtaining a 


thin. adherent and continuous zine film. Alloy 
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A Four-Cylinder, Two-Cycle Engine of Aluminum 
Made by Nelson Specialty Corp. for Glider Service 
Uses Van der Horst Corp 's “Porus-Krome” on Cylin 
der Bores, Designed originally to incorporate nitrided 
iron sleeves, the porous chromium plate was adopted 
to improve heat transfer, reduce wear and to reduce 
the weight-to-horse power ratio to a minimum 
(Courtesy of the Van der Horst Corp. of America 


surface conditioning, and variables in the imimei 
sion process (such as time, temperature and so- 


lution concentration) are factors. Copper-bear- 


ing alloys reach a state of equilibrium of zin« 
deposition more rapidly than other aluminum al 
loys and are generally considered to be more 
easily electroplated. Temperatures of the zincat 
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ing bath much above 80° F produce Oost 
herent, granular zine deposits 

Because the zincating solution is quite viscous 
double rinsing 1s needed to remove it complete ly 
from the work prior to its entry into the plating 
baths. For applications where solution drag-out 
is serious, zincating solutions of lower concentra 


described in A.S.T.M. Designation B 253 


53) are available 


tions 


Plating — The zincate-treated aluminum can 
be plated with methods generally suitable to 
plating zinc. For many applications a Rochellk 
type copper strike solution of low PH is em 


ployed however chromium nickel silver cad 





mium and brass can be plated directly on the 


zinc deposit from suitable plating solutions. 


There are several excellent proprietary plating 


processes that employ modified zinc practices. 
I'wo of the most widely used are the “Alumon” 
process offered by Enthone, Inc., and the “Alume- 
tex” process, offered by MacDermid, Inc. Consid- 
erable work has been done in this country and in 
England to evolve a practical method for electro- 
lytic deposition of zinc. 


Applications 


At least two companies have in operation fair- 
ly extensive automatic systems for electroplating 
aluminum, and the number of job shops com- 
mercially plating aluminum has almost doubled 
since 1946. The greatest potential use for plated 
aluminum parts seems to be in the automobile 
and appliance industries. There are many good 
reasons for assuming that in such applications 
plated aluminum may replace zinc die castings 
and perhaps plated stainless steel. Although 
plated aluminum die castings have not yet been 
accepted by the automotive industry, the re- 
placement of zine die castings with aluminum is 
under very close scrutiny by most automobile 
manutacturers. 

Aluminum holds a decided edge in basic metal 
costs, particularly for large castings, and im- 
provements in die steels and casting technique 
are slowly bringing the operational costs for die 
casting zinc and aluminum more closely togeth 
er. It has been pointed out that zine and alumi 
num die castings require the same thickness of 
electrodeposits for best corrosion 
Since 


protection 
it is anticipated that specifications for 
plated automotive parts will tighten, this action 
would also work in favor of aluminum. In 1948 
the Chrysler 


guards on certain models. The guards, made by 


( orp used aluminum bumper 


permanent mold casting, were plated with a 
copper-nickel-chromium system. This practice is 
carried on today by several automotive manu 
facturers with excellent results 

Decorative bright chromium, brass, and the 
more noble metals, silver, gold and platinum are 
currently being plated on aluminum for a variety 
of every-day items 

Die-cast freezer and 


refrigerator handles 


plated with copper-nic kel-chromium represent 


Such 


household and restaurant items as saladmakers 


one of the current large-volume items 
juicers, and cream dispensers are also being 
bright chromium plated Several companies are 


marketing chromium plated coffee makers. For 


this application chromium is generally plated 
directly over the preplate zine and buffed to the 
desired luster 

Brass-plated aluminum hardware, such as win 
dow latches and pulls, coat hangers and door 
stops, is in wide use, Much of this work is done 
by barrel plating techniques or in automatic plat 
ing systems. Cadmium-plated cast aluminum 
hardware also gives excellent results. Brass, sil 
ver, and gold-plated aluminum jewelry is quite 
common. A midwestern company manufactures 
a line of gold-plated religious items. However 
the applications where functional plating on 
aluminum is used exceed the application for 
decorative plating 

Perhaps the greatest possibilities for electro 
plated aluminum are in the electrical industry 
for busbar, bus-duct, switch-gear, and other cw 
rent carrying equipment. For these applications 
silver plate is used to eliminate the formation of 
aluminum oxide (which has high electrical r 
sistance ), to increase the efficiency of mechanical 
joints and to minimize the likelihood of corro 
sion at the joints of copper and aluminum con 
nickel 


tin and cadmium facilitates joining by soldering 


ductors. Aluminum plated with copper 
and brazing 

Electrodeposits of many types are used to in 
crease the resistance of aluminum to wear and 
abrasion and to improve its frictional character 
istics 


Hard chromium is used to increase the 


X-ray 


types of hydraulic and 


wear resistance on aircraft landing gear 
equipment and many 
small engine cylinders and pistons The Van der 
Horst Corp. of America ha: developed a “Porus 
Krome” plating process which has been very ef 
fective in increasing the life and efficiency of ais 
craft and small engine cylinders. A_ relatively 
heavy hard ‘ hromium cle posit sf tk hed preferen 
tially to form many small pore s whic h act as lu 
bricant reservoirs Zire and tin att used effec 
tively to improve the frictional characteristics of 
aluminum 


Plating of aluminum ha 


Plated 


and eCcononk ally 


come ot age 
parts are now being effectivel 
used in many products This successful experi 
ence over the past few vears is rapidly lisp lling 
the reluctance that fabricators once held to 


employ this finishing proce oe 


Photographs o 1) 4 ive ol 
cast oft No 


ladinaker lie 
plated vith 
copper nickel-ch Salad Master 
Sales Co ind’ hardware made by permanent- 
casting of No. 356 aluminum casting alloy 

tively plated with brass (Courtes' Sargeant 


80 aluminum casting alloy 


omiim (Courtesy 
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NUCLEAR detonation produces four major charac- 
‘% teristics — blast, heat, immediate nuclear radi- 
ation, and residual radioactivity. The first three 
are essentially instantaneous. Information on blast 
and heat effects has been extensively publicized.? 
The immediate nuclear radiation, that is, the neu- 
trons and gamma rays released instantaneously 
with the explosion, does not present a serious hazard 
beyond the area where heat and blast are of great 
concern, 

“Fall-out” applies to a phenomenon that follows 
the explosion of a nuclear weapon. If the fireball 
touches the earth, it draws up large amounts of 
materials into the bomb cloud, which fall back as 
radioactive particles over a large area, mostly 
down-wind and relatively close to the explosion 
although the lighter particles are carried great 
distances. The main radioactivity of fall-out 
decreases very rapidly with time — for the most 
part, within the first hours after the explosion. An 
explosion in the air where the fireball does not 
touch the earth’s surface does not produce any 
fall-out hazard. 

Residual radioactivity, or fall-out, is a matter 
of major concern when large thermonuclear devices 
are exploded, Only relatively small nuclear test 
explosions are conducted at the Nevada test site 
and heavy fall-out has extended only a few miles 
However, the very large thermonuclear device 
tested at Bikini on March 1, 1954, was detonated 
on a coral island and the fall-out contaminated an 
elongated, cigar-shaped area extending 220 miles, 
plus an area up-wind and cross-wind extending 
possibly 20 miles. Data were collected from 25 
points located up to 330 miles down-wind 

Data from this and other tests permit estimates 
of casualties which would have been suffered within 
this area if it had been populated. These estimates 
assume the worst possible conditions: (a) that 
the people would ignore even the most elementary 
precautions; (4) that they would remain outdoors 
completely exposed for 36 hr.; and (c) that in 
consequence they would receive the maximum 
exposure 

It is estimated that, following the March 1, 1954, 
test explosion, there was sufficient radioactivity in 
a down-wind belt about 140 miles in length and of 
varying width up to 20 miles to have seriously 
threatened the lives of nearly all persons in the 
area who took no protective measures. Some 
distance further (about 160 miles down-wind) the 
radioactivity would have seriously threatened the 
lives of about half of the persons who took no 

*From a statement by Lewis L. Strauss, Chairman 
US. Atomic Energy Commission, and an accompanying 
“Report,” both released Feb. 15, 1955 

tSee Metal Progress, March, 1955, p. 90 

tThis is about the size of the state of New Jersey 


Fall-Out From an H-Bomb* — 


protective measures. Near the outer edge of the 
ellipse (approximately 190 miles down-wind) the 
radioactivity would have seriously threatened the 
lives of 5 to 10% of any persons exposed out of 
doors for all of the first 36 hr. At a distance of 
220 miles or more down-wind, it is unlikely that 
any deaths would have occurred from radioactivity 

Thus, about 7000 sq. mi. of territory down-wind 
from the burst was so contaminated that survival 
might have depended upon prompt evacuation or 
upon taking shelter and other protective measures 

Because the fall-out will vary from point to 
point, due to variable atmospheric conditions, and 
because most persons if given sufficient warning, 
would take precautionary measures, the actual per 
centage of fatalities could reasonably be presumed 
to be considerably smaller than 
estimates. 


these extreme 


Protection In an area of heavy fall-out the 
greatest hazard is exposure to external radiation 
which can be greatly reduced by taking shelter 
and by simple decontamination. The radiation 
level indoors on the first floor of an ordinary frame 
house would be about one-half the level out of 
doors, and even greater protection would be had in 
a brick or stone house. Taking shelter in the base 
ment of an average residence would reduce the 
radiation level to about one-tenth. An old-fashioned 
cyclone cellar, with a 3-ft. covering of earth, would 
reduce the radiation level to about 1/5000, com 
pletely safe in even the most heavily contaminated 
area. In .addition, care should be taken to avoid 
the use of solid foods or liquids that may contain 
fall-out particles. 

If fall-out particles come into contact with skin 
hair, or clothing, prompt decontamination will 
greatly reduce the danger by such simple measures 
as a thorough bath and a change of clothing 

Internal Radiation Effects — Radiation is not 
a new phenomenon. All living things have been 
exposed constantly to radiation from cosmic rays 
and “background” radiation from radium and radon 
in the soil, water and air. Our bodies have always 
contained naturally radioactive 


potassium and 
carbon 


While detonations of all atomic weapons produce 
radioactivity, the most widespread is only from the 


longer-lived fission products. They may be dis 
tributed over the entire earth, but as the particles 
are carried to remote areas the possibility of signifi 
cant amounts of fall-out decreases 

One of the most biologically important is stron 
tium-90. It has a long lifetime — nearly 30 year 
on the average. It has a chemical similarity to 
calcium and, when taken into the body, it tends 
to collect in the bones. Normally, the amount 
inhaled would be small compared with the amount 
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one might swallow. Fall-out material deposited 
directly on edible parts of plants may be eaten, 
but washing the plants would remove most of it 
However, radio-strontium carried down to earth by 
rain may be taken up by plants and incorporated 
into plant tissues, later to be eaten by humans 
or by grazing animals which in turn provide food 
for humans 

Since the start of nuclear tests the distribution 
of radio-strontium has been carefully measured 
The amount now present in the soil as a result 
of all nuclear explosions to date would have to be 
increased many thousand times before any effect 
on humans would be noticeable 

Radio-iodine-131, with average life of only 11.5 
days, is one of the shorter-lived fission products 
It concentrates in the thyroid gland. Possibility 
of serious hazard is limited by its relatively short 
life. Scientists of the Atomic Energy Commission 
have estimated that the average exposure of people 
in the United States from radio-iodine in the fall-out 
from the entire series of tests in the spring of 1954 
was only a few percent of the annual dose that 
can be received year after year and still have no 
noticeable effects 

Any accumulation of these dangerous radio 
isotopes can be detected with great sensitivity by 
year-round monitors established in many locations 

Genetic Effects — There is a wide range of 
admissible opinion as to the genetic effects which 


radiation might have upon future generations, Data 
are not available for an incontrovertible forecast 
However, the average amount of radiation exposure 
received by residents of the United States from all 
nuclear detonations to date has been about the 
same as the exposure 
X-ray. The Atomi medica 
and biological advisers do not believe that this small 
amount of additional exposure is any basis for 
serious concern at this time 

Fall-out From Nevada Tests — In the rela 
tively small nuclear test explosions at the Nevada 
test site, as well as in the very large ones in the 
Pacific, all tests are planned when weather fore 
casts minimize the fall-out hazard. High air bursts 
at the Nevada test site have produced no signifi 
cant fall-out; heavy fall-out from near-surface 
explosions has extended only a few miles from the 
point of burst, and is confined to the controlled 
area. The highest actual dose of radiation at an 
off-site community has been estimated to be les 
than one-third of the greatest amount of radiation 
which atomic energy workers are permitted to 
receive each year under the Atomic Energy Com 
mission’s conservative safety standards 

Conclusion In the event of war involving 
the use of atomic weapons 


received from one chest 
Energy Commission's 


the fall-out from large 
nuclear bombs exploded on or near the surface 
of the earth would create serious hazard to civilian 
populations in large areas outside the target zones 
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Science for the Casting Art 


Reviewed by HAROLD J. ROAST* 


Non-Fenrnous Founpry METALLURGY 
Edited by A. J. Murphy; 497 p. McGraw-Hill 
Book Co., Inc., New York, or Pergamon 


Press Ltd., London, England. 1954, $12.50 


a A. J. Munpeny is well known as an 
educator and metallurgical engineer. In addition 
to serving as editor of the book, he provided 
the first chapter (preface and introduction), 
which gives a sound theoretical approach to the 
topic. Fourteen authorities contribute to the re 
maining seven chapters 

One third of the book deals with foundry prac 
tice as opposed to foundry metallurgy, For ex- 
ample, Garside goes carefully into the question 
of foundry sands, types of furnaces, and both 
Kondic 


treats of casting ingots for subsequent working 


metallic and nonmetallic molds, and 
Garside also describes casting processes inc luding 
centrifugal and investment casting; useful infor 
mation is provided concerning patterns and pat- 
tern materials. Special reference is made to the 
use of synthetic resins for making cores and 
molds, including shell molding and the dielectric 
heating of cores. Baker, dealing with copper-base 
alloys, and Hudson, with nickel alloys, also give 
information on melting and handling of metal 

Lees provides an interesting and useful analy- 
sis of the makeup of metal losses. This is followed 
by a scientific analysis of the oxidation of metal 
and the losses inherent thereto, and the signifi 


* Bronze Foundry Consultant and 


Consulting 
Editor for Metal Progress 
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cance of visgosity, surface tension, and other 
physical aspects of metal casting. The solution 
of gases in liquid metals is dealt with from a 
mathematical viewpoint, and definite information 
supplied as to the detection and estimation of 
gases in metal, and — most important of all 
their removal. Some 50 pages are devoted to 
phenomena associated with solidification, and 
advice is given on the best foundry techniques to 
insure sound castings. 

A discussion of test bars and test objectives is 
supplemented by informative tables showing the 
physical properties of copper base and light al 
loy castings themselves as compared with the 
separately cast test bars used for control. The 
effect of high and low temperatures on castings 
is treated, as well as the problem of corrosion 
Nondestructive testing is described fully, includ 
ing X-ray and gamma-ray, and the artificially 
radioactive substances that will be available from 
atomic piles 

All ordinary nonferrous metals are dealt with 
in the book, but one misses discussion on the im 
portant beryllium-copper alloys, and any advice 
as to “slush” casting. The increasing importanc 
of the silicon bronzes merits more attention than 
it receives. (In this connection Murphy in his 
introduction speaks of the rather modest values 
for shock resistance of nonferrous alloys; it is a 
pity that the Izod figure of 60 ft-lb. for 1.5% silicon 
bronze is not added to the three examples 
chosen. ) 

Much useful data are supplied concerning tin 
and lead-base alloys, including melting and cast 
ing and industrial uses such as bearings and typ: 
metal. In the section dealing with babbitting of 
bearings, reference might have been made to the 
much simpler method used in North America for 





lining bronze 


journal bearings for railroads, 
where one man produces several hundred bear- 
ings a day 

It is refreshing to find considerable data con- 
cerning silver, gold, and platinum alloys, which 
are not generally treated in the few books pub 
lished on foundry practice. 

While many references are made to practices 
in vogue in North America, it is only natural that 
the general treatment is British. The book's 
sound theoretical approach would apply, of 
course, to any locality. 


This book fills a real need particularly for the 


aspiring young foundryman who wants to under 
stand the reason why he does many, at first sight 
unimportant things. This is partic ularly necessary 
in view of the increasing demands being made on 
the casting industry by engineers, and the com 
petition afforded by welded and other fabricat 
ed assemblies 

“Non-Ferrous Foundry Metallurgy” will go fas 
toward securing a sound scientific basis for the 
ancient art of casting. The editor is to be con 
gratulated on securing a group of well-qualified 
writers. Many of us have been waiting a long time 
for this contribution to the foundry library rs] 


A High-Resolution 
Metallograph for 
Elevated Temperatures 


By J. E. JENKINS, D. R 


BUCHELE and R. A. LONG* 


Description of a microscope hot stage and a special objective 

of reflecting elements with a long working distance and a high 
numerical aperture to give maximum resolving power. 

Changes in microstructure are photographed with movie camera. 


a 
ee EQUIPMENT for micrography at ele 
vated temperatures employs a motion-picture 
camera to record the changes in structure. The 
specimen, which can be heated to as high as 
1800° F. in vacuum or a protective atmosphere 
is viewed through a special optical system 
\s shown in Fig. 1, the furnace, optical system 


camera and accessories are mounted on the opti- 


cal bench and base of a conventional metallo 
graph Figure 2 shows the spe ial objec tive that 
was designed for use at a relatively great distance 
(7/16 in.) from the heated specimen The nu 

*Lewis Flight Propulsion Laboratory of the Na 
tional Advisory Committee for Aeronautics, Cleve 
Aircraft Components 
( le veland 


land; Mr. Long is now manager 
Div Ferrotherm Co 
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Optical Bench 


A 


merical aperture of this objective is 0.5, thus 
providing good resolution (0.00002 in. at speci- 
men surface ), Also, because of its low chromatic 
aberration illumination can be in a wide range 
of wave lengths and the increase in resolution 
afforded by short wave lengths 
can be utilized 

The small furnace for heating 
(shown in Fig. 3) employs no in 
sulating material so as to mini Concave Mirror 


nize out-gassing stead f 
m gassing; instead, plati Light Sheld 
Convex Mirror 
Furnace Window 
Specimen 


num foil is used as a radiation 
shield. Heat is conducted to the 
specimen through a_ platinum 
cylinder that also serves as a spe 
cimen holder and as a radiation 
shield to reduce heat loss from 
the heater element to the furnace 
chamber walls. A fused quartz 
window is inserted in the furnace 
chamber wall between the speci 
men and the objective. Inert gas 
introduced through a fitting in 
the furnace base, decreases the 
rate of sublimation of specimens 
having a high vapor pressure at 
elevated temperatures. In addi 
tion, gas may be introduced that 
will selectively attack the speci 
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Fig 


Plane -Convex Lens 


a 


Objective (See Detail A } 


Fig. 1 Metallograph as 
Modified for Studies at 
Elevated 


Temperatures 


mens microstructure. The top of the furnace 
chamber is connected to an organic vapor diffu 
sion pump. Temperature of the specimen is con 
trolled by an autotransformer with which the 


voltage impressed on the heater element is varied 


Details of the Special Optical System 


“-—- 1°Lengs Tilt 


Detail A 
Section Through Objective 


a 
Motion - Picture Camera Film Plane 
Sliding Mirror 


25 Wott Zirconum Arc 
Lamp 


Candensing Lenses 


Splitter Plate 





Light Trap 5x Eyepiece 





Temperature measurements are made with a 
pyrometer connected to a thermocouple spot 
welded to the specimen. 

A standard 35-mm. motion picture camera 
without its lens records the changes in micro- 
structures. An intervalometer controls the inter- 
vals exposures by actuating a solenoid attached 
to the camera shutter release mechanism. The 
correct exposure is determined by a null-balance 
exposure meter attached to the eyepiece tube. 

A zirconium are lamp provides illumination 
through a vertical system similar to those used 
on standard metallographic microscopes. A sec- 
ond arc lamp and a condensing mirror are for 
oblique illumination of the specimen. 

The microstructure of a specimen of S.A.E. 
1035 steel was observed and recorded at tem- 
peratures from 80 to 1650° F. The specimen was 
cut from a %-in. diameter bar after it had been 
furnace cooled from a 30-min. anneal at 1650° F 
The specimen was polished, etched with 3% nital 
and then heated slowly in vacuum in the furnace 
Figure 4A shows the structure of this speci- 
men at 80° F. (This series of micrographs was 
made with a magnification of 100 x on 35-mm 
film, and then enlarged to 300 x in printing. ) 


Fig. 3 


Thermocouple 
Leads 


To Vacuurn Purnps 


Stainless Steel 
Chamber , 


Platinum 
Radiation 
Shield 


Specimen 
Platnum . : ‘ 











Details of Microscope Hot Stage 


Furnace Window 


\_ _ Optical Axis 


Cooling Water 


The first apparent change in microstructure 
was observed at 1000° F., Fig. 4B. There was a 
reduction in contrast and an increase in the relief 
of the surface and in the apparent sharpness of 
the image. Evaporation of reaction products of 
the original etching as well as the increased sur- 
face relief of the specimen probably account for 
the improvement in image quality. 

As the temperature was increased to 1200° F., 
the contrast between the lamellae in the pearlitic 
grain became less. This trend may be significant. 
A lamellar pattern was not evident when the 
specimen was later cooled to room temperature 
after soaking above the Acs point 

At 1290° F. small spheroids first appeared, 
these being well dispersed in the ferrite. At 1400° 
F. the spheroids coalesced and the lamellae of 
the pearlite disappeared. Fig. 4C. There was a 
tendency for the spheroids to grow in the ferrite 
boundaries, in polishing scratches, and around 
sulphides. Spheroids were also evident in the 
pearlite grain 

Some austenite grain boundaries became ap 
parent in the former ferrite regions at 1600° F., as 
shown in Fig. 4D. Most of the ferrite-pearlite 
grain boundaries continued to etch, although 

there are portions that have disap 
peared, The matrix material that was 
adjacent to the sulphides seems to 
have evaporated 

At 1650° F., 
had completely dissolved in the aus 


most of the carbides 


tenite matrix (Fig. 4E) and the aus 
tenite grain boundaries had become 
more prominent Portions of the pre 
vious ferrite-pearlite boundaries have 
continued to etch, even though they 
are no longer grain boundaries. It was 


expected that the grooves formed at 
ee 


the ferrite-pearlite boundary would 
tend to be filled, or at any rate that 
they would not increase in depth and 
width. However, the a ~ y transforma 
tion greatly increased the surface re 
lief of the specimen and may account 
for this apparent trend 

There appears to be a relatively 
great spread of austenite grain sizes, 
even though the handbook coarsening 
temperature for this steel was not 
reached. Also no tendency for large 
grains to grow at the expense of small 
grains was observed. The growth of 
austenite grains was not observed 
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Fig. 4— Microstructure of S.A.E. 1035 
Steel Photographed With Movie Camera at 
Various Temperatures to Show Resolving 
Power of Special Optical System. (A) Speci 
mens photographed at 80° F.; (B) at 1000° 
F. and 18 hr. total heating time; (C) 1400° 
F. and 21 hr. total heating time; (D) 1600° 
F. and 27 hr. from start of heating; (E 
1650° F. and 45 hr. from start of heating 


The etching in this specimen may be caused 
by relatively high vapor pressure of the material 
in and adjacent to the grain boundaries. This 
phenomenon was observed, as would be expected 
at any interruption of the crystal geometry 

The observed structural changes in this steel 
generally agree with those anticipated. However 
the temperature at which these changes occurred 
is higher than the iron-carbon equilibrium dia 
gram for pure iron-carbon alloys would indicate 


This discrepancy is probably caused by the rate 


of heating of the specimen being in excess of that 


which would give an equilibrium structure at any 
given temperature, or by effect of incidental im- 
purities in the commercial steel, by thermal 
hysteresis (lag), or by the specimen’s surface be- 
ing at a different temperature from the thermo 
couple junction. 

Photomicrographs were not made on cooling 
of this specimen because the surface relief was 
too great. After two transformations (a> y and 

*a) it was impossible to find an area flat 
enough to obtain a sharp focus. Also, the struc 
ture becomes quite complicated with three sets 
of grain boundaries — the original, the austenitic 
and the final transformation structure. It may 
be feasible to observe and record the transforma 
tion resulting from cooling from the austenite 
structure. The specimen should not be etched 
prior to heating in vacuum, the rate of heating 
should be great, and the time at maximum tem 
perature should be short. It is thought that this 
technique may result in a structure with less 
relief and confusion. 

The results of investigations made with this 
equipment indicate that the instrument will be 
valuable in the study of aging and recrystalliza 
tion of high-temperature and refractory metals 
and alloys, and grain-boundary studies of all 
alloys. The objective constructed of reflecting 
elements produces excellent image quality and 
high resolution. This type of objective seems to 
be well suited for elevated-temperature metallog 
raphy. New equipment of similar type but higher 
resolution is possible with this optical design. @ 





A Microscope Hot Stage 


By H. A. SALLER 
R. F. DICKERSON 
and R. ]. CARLSON* 


A compact unit for studying structural changes in metals 
at temperatures up to 1800” F. Description covers vacuum furnace, 
optical group, cold trap and vacuum system. 


| Ht APPARATUS commonly referred to 


as a microscope “hot stage” has provided investi- 


gators with a valuable tool for studying thermal 
etching, progression of fatigue cracks, recrystal- 
lization and other structural changes. The hot 
stage that is to be described in this article will 
heat a specimen to 1800° F 


than 10°* mm. mercury 


in a vacuum of less 
Equipment — The hot stage consists of four 
principal component sections: the furnace; the 
optical system, the cold trap, and the vacuum 
pumping group The furnace section is so ar- 
ranged that the visual access port for the micro 
scope objective 18 positioned correctly for a 
bench-type microscope. A vertical-type metallo- 
graphic camera is attached to the work table with 


full vertical movement of camera and bellows 


The cold trap is located directly below the 
furnace unit, between it and the diffusion pump 
This section serves the dual purpose of trapping 
condensable impurities from the furnace atmos 
phere and preventing back-diffusion of pump oil 
vapors. The diffusion pump is attached to the 
work table. The forepump is placed on the floor 
and is connected to the diffusion pump by a 
rubber vacuum hose. Figure 2 shows the assem 
bled hot stage, the arrangement of the various 
sections, as well as the location of the control 
panel and vacuum gages 

*H. A. Saller, R. F. Dickerson, and R. |. Carlson 
are division chief, assistant division chief, and princi 
pal metallurgist, respectively, in reactor metallurgy 
at Battelle Memorial Institute, Columbus, Ohio. This 
work was done under the sponsorship of the Atomic 
Energy Commission under Contract W-7405-eng-92 
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Fig, 1 — Details of Section Containing 
Furnace in Hot Stage (Top Half) and 
Cold Trap (Bottom Half). Item A of 
the furnace is helical molybdenum 
heater, B is Alundum furnace tube 


Furnace — Figure 1 is a sche- 
matic drawing of the furnace por- 
tion of the apparatus. The brass 
outer shell of the furnace is water 
cooled by several turns of copper 
tubing. A Vitreosil plate, supported 
by a stainless steel ring, provides 
visual access to the specimen inside 
the furnace. The vacuum seal for 
this port is made by a pair of “O” 
rings that are set tight by a large 
screw top. 

The resistance heating unit is an 
Alundum tube wound with molyb- 
denum wire. The specimen is sup- 
ported in the heating unit on a 
hollow stainless steel column. The 
hollow center of the specimen sup- 
port accommodates the thermo- 
couple for measuring specimen 
temperatures. Power and thermo- 
couple leads are fed through glass- 
to-metal seals in the shell walls 
Adjustment of the furnace section 
can be accomplished by set screws 
which can be used to level the sec- 
tion or move it backward and for 
ward as required. 

Optical System—The optical 
system consists of a bench-type 
microscope, without stage, a verti 
cal-type camera equipped for use 
with the microscope, and a ribbon 
filament illuminating lamp. Photo- 
graphs can be made with this opti 
cal equipment at magnifications of 
100, 250, and 500 x. 

No special cooling device has 
been provided for the objectives, 
because the visual access port of 








the stage is in such a position that 
focus can be obtained while the 


microscope objective is completely above the 
furnace. The circulation of free air cools the 


objectives satisfactorily, provided they are not 


exposed to the radiant heat from the hot speci- 


men for a long period of time. 
Cold Trap — As shown in Fig, 2, the furnace 
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is directly above the diffusion pump. This loca 
tion is advantageous because of increased pump- 
ing speed and compactness of design, but it 
requires some type ot baftle to prevent oil vapors 
from ascending into the furnace 


The oil vapors have been controlled by the 








installation of a liquid-nitrogen cold trap be- 
tween the diffusion pump and the furnace. This 
trap gives complete baffling of the oil vapor 


from the diffusion pump and traps the condens- 


ables from the furnace atmosphere with only 


slight reduction of pumping efficiency 

The shell flanges of this section are constructed 
of stainless steel. The liquid-nitrogen container is 
of Vycor. All vacuum seals are “O” rings seated in 
grooved flanges. An air-inlet valve is located in 
the shell for the purpose of breaking vacuum or 
feeding inert gases into the system 

Vacuum Pumps — The vacuum-pumping group 


consists of a forepump rated at 3.5 cu.ft. per min 


Fig. 2 — Vacuum Hot Stage and Related 
Equipment Des ribed by the Authors 


of free air displacement and a 2-in 
purifying oil-diffusion pump. With 
the exception of the fore line, the 
system is entirely of metal 
Pressure is measured during the 
roughing-down period by a thermo 
couple-type vacuum gage located 
on the high-vacuum side of the 
diffusion pump. Pressures below 
10* mm. of 


mined by an ionization-type gage, 


mercury are deter- 
located in the furnace section as 
near the specimen as possible. Nor 
mal operating pressures for this 


equipment are about 2 * 10° mm 
Operating Procedure 


Specimens for study in the hot 


stage are generally prepared by 
conventional metallographic tech 
niques. Although certain materials 
can be etched for examination at 
temperature best results are ob 
tained with polished specimens. All 
specimens must be prepared with 
top and bottom faces as nearly 
parallel as possible and be ot small 
enough diameter to fit loosely in- 
side the furnace tube 

After the freshly polished speci 
mens are charged into the stage 
and the 


spec neh is 


the furnace is evacuated 
temperature of the 
then increased gradually by means 
of an autotransformer. Temperature 
measurements are made with a po 
tentiometer. It is possible to ob 
serve or photograph a specimen at any time after 


the initial pump-down 
Uses for Research Studies 


As this equipment was constructed primarily 
for use in the examination of uranium at elevated 
temperatures most of the results obtained with 
it have been in that field. However, it has proved 
to be a valuabl metallographic research tool 
for other materials. An example of such study is 
the series of micrographs in Fig. 3 showing the 
thermal-etching characteristics of S.A.E. 1008 
steel. The sample was polished and etched in 2% 
nital solution. Figure 3A is a photomic rograph of 
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the surface photographed at room temperature 
The scattered areas of pearlite are apparent 

The specimen was then repolished and heated 
in the hot stage to a temperature of 1645° F. as 
rapidly as possible to insure that a high-tempera 
ture structure would be thermally etched, Fig 
3B. There is no evidence of pearlite at this tem- 
perature and the structure could be construed 
as gamma 

On cooling the specimen to 1350° F the 
thermal etch of the higher temperature is still 
prevalent, but a subtle shift or change in grain 
boundaries was occurring. A micrograph of the 
identical field (at Fig. 3B) but after soaking at 
1350° F. for 2 hr. is shown in Fig. 3C. Although 
there is still no evidence of pearlite reappearing 
the grains have undergone a pronounced change 
in shape 

The specimen was then cooled to room tem- 
perature, lightly polished, etched with 2% nital 
and a typical field was photographed, Fig. 3D 
A comparison of this photograph with Fig. 3A 


shows an apparent reduction in carbon content. 


Fig. 3 Micrographs of S.A. 1008 Steel 
Showing Structures Before, During and 
After Heating to 1645° F., All 250 (A) 
At room temperature, 2% nital etch; (B) at 
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This specimen was then examined at various 
microdistances below the original surface and 
it was found that the amount of pearlite gradu 
ally increased until it compared with the amount 
illustrated in Fig. 3A. A complete transverse sec 
tion of the specimen was examined from edge to 
center. The outer edges, which were exposed to 
vacuum, compared with Fig. 3D, with even less 
pearlite visible at the extremes. The center sec 
tion of the specimen contained pearlite in quant 
ties which would be normal for such a steel 
These findings would indicate that the outer shell 
of the specimen was decarburized by the operat 
ing vacuum of the system 

Although the value of micros« opic observation 
of metals at elevated temperature has been es 
tablished 


been limited because of the complexity of the 


the general use of such studies has 


necessa;©ry equipment The Microscope hot stage 
described in this article can be constructed at a 
minimum of expense will withstand normal labo 
ratory usage, and can be operated by relatively 


inexperienced technicians =] 


1645" |} 
to 1350° | 
etch D 
after re polishing and etching with 2% nital 


e Ase 
os, * ° 


thermal etch; (C) after coolin 
and holding for 2 hr 


structure at room ti mperature 
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Heavy tooth loads 
require gears of 
Nickel Alloyed Steel 


For high compression 
strength and wear resistance 


THE GEARS BELOW actuate movements of a 
giant, high-speed earthmover. 

When the machine scrapes up a 23 cubic 
yard bite of earth to haul away at almost 
30 miles per hour, the gears often carry 
extremely heavy loads. 

But any reasonable set of demands can 
be met by use of nickel alloyed steels... 


For Example 


Where you need maximum wear resist- 
ance in the surface, plus all the surface 
compressive strength you can get, use a 
nickel alloy carburizing steel. 

These steels provide extremely tough 
cores that resist shock loads, fatigue and 
bending stresses. In addition, they mini- 
mize the distortion in heat treatment which 
is a major cause of noisy gears. 

Where tooth loading is heavy, but surface 
compressive stresses and wear are not ex- 
treme, use a direct hardened nickel alloyed 
steel. It will give you the needed strength 
more consistently and in heavier sections 
than carbon grades. 

Generally, steels containing nickel offer 
high resistance to shock, fatigue and multi- 
axial stresses. Moreover, you can readily 
machine nickel alloy steels before final heat 
treatment. ; 

a“ 
2 = 

Booklet gives = 

complete story 


Meet the demand for gears that permit 
high speeds and heavy loads. For gears that 
run smooth .. . last long. Every engineer 
and designer should have a copy of “Mod- 
ern Trends in Nickel Steel and Cast Iron 
Gear Materials.” This illustrated booklet 
contains a wealth of information and 
data. It may be exactly what you 4», 


want. It’s yours for the asking. |N \ 


Vrite for your copy now. ftaet oat. 


Gears and Pinions of nickel alloyed steel stand the gaff in earth- 
moving equipment produced by Le Tourneau-Westinghouse Co 
Peoria, Ill. The grades of steel used include 3310-H and 4820-H 
for severe duty, 4320-H for medium heavy service and 8620-H 
for relatively lighter tooth loads. 


THE INTERNATIONAL NICKEL COMPANY, INC. 82.%20.5°.¥ 
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Standard H-Steels. 8617-H to 8660-H 


8617-H to 8630-H may contain 0.20-0.35 Si, 0.60-0.95 Mn, 0.35-0.75 Ni, 0.35-0.65 Cr, and 0.15-0.25 Mo 
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8635-H to 8660-H may contain 0.70-1.05 Mn, 0.20-0.35 Si, 0.35-0.75 Ni, 0.15-0.25 Mo 
86B45-H can be expected to have 0.0005% min. boron. 8641-H is high-sulphur, 0.040-0.060 S 
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Distance From Quenched End of Specimen, Sixteenths 
N means normalizing temperature for forged or rolled Hardness limits are specified in Rockwell C-scale units 


material; A means austenitizing temperature (both as (no fractions) and can be scaled from the plotted points 
recommended by S.A.E.). where not labeled at even sixteenths. 


A.1IS8.1. list of February 1954. 
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OTTAWA 6O 
for DRAW DIES is HAW... ance MEWS / 


In fact, this exclusive Allegheny Ludlum- 
developed die steel is mighty good news 
for any user of draw dies. Ortawa 60 is a 
high-carbon, high-vanadium analysis, ini 
tially designed for the primary purpose of 
drawing stainless steel 

In that service, Ottawa 60 does just 
exactly what it was developed to do: it 
performs without galling or pickup, and 
shows exceptional weaf-resistance-as a 
long list of successful applications will 
prove to you Two of them are illustrated 
above: a stainless hinge and a 
sundae server 


stainless 


For complete MODERN Tooling 


Allegheny L Ludlum 


But Ottawa 60 is a top performer on any 
draw die application! Also illustrated above 
are the two draws on a transformer hous 
gauge SAE 1010 strip. After 


5 000 pieces~—-over 12 time 


ing of 037" 
more than 

any previous runs there was sull no sign 
or of wear on the Ortawa 60 


punch or dic 


of pi r up 


This analysis 
problem jol 5 


can solve your draw-dic 
or reduce your costs on 
almost any drawing operation. @ Call on 
our Mill Service Scaff for any assistance 
Allegheny Ludlum Steel Corporation, 
Oliver Bldg., Pittsburgh 22, Pa. 


call 


it roo, sree 
Since 184 
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Bausch & Lomb Salutes: 
R.D. Buchheit 
J.E. Boyd 

A. A. Watts 


F.c.Hoiden 
—Grand Prize Winners, A.S.M. Metallographic Exhibit 


GRAND PRIZE WINNERS 

for the best photomicrograph in its 
class and in the exhibit—Messrs 
Buchheit, Boyd, Watts and Holder 














Battelle Memorial Institute, Colu 


bus, Ohio 


THEIR AWARD-WINNING 
PHOTOMICROGRAPH, 

MADE WITH BAUSCH & LOMB 
EQUIPMENT—" Alpha Formatior 
in a Beta Titanium Alloy.” 1 0¢ 
magnification 


f, rN 


\ 


4 
r Bausch & Lomb Metallographs help industry boost 
output and maintain quality by providing detailed 
magnified images—visual or photographic—for routine 
work and advanced research 
Ease and comfort are basic design features of the B&L Balphot Metallograph—one of 
a complete line of metallographic equipments. You sit relaxed, with all major controls 
within effortless reach. A flick of a switch provides clear, sharp images for microscopy 
. for group viewing (with exclusive Magna-Viewer projector screen ) 
or for photomicrography 
Find out how these faster, easier, completely dependable analyses 
can help you save on time and materials. Write for Catalog E-232, 


Let df" and for complete expert advisory service. No obligation, 
| 


of course. Bausch & Lomb Optical Co., 00000 
- > pony rey St. Paul Sereet, Rochester 2, New York 


America’s only complete optical source... from glass to finished product 
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Welding Cracks 
in Columbium-Bearing 
Stainless Steel 


Cracks encountered in stabilized stainless steel weldments 
once plagued the Atomic Energy Commission and its suppliers. 
Modifications in welding rod and base metal 

compositions and improved welding techniques have 
considerably reduced their occurrence. 


8 EQUIPMENT used in the various facilities 
of the Atomic Energy Commission, the fabrica 
tion methods, the variety of corrodents, and oper 
ating temperatures encountered have required 
the extensive use of stainless steel not susceptible 
to intergranular corrosion. For a long time 
A.L.S.1. Type 347 (columbium-stabilized 18 Cr 
10 Ni 


ber of service problems and delays in delivery of 


was used almost exclusively and a num 


equipment were traced to the welding behavior 
of this alloy. Much of the difficulty has been 
eliminated through the cooperative efforts of 
major suppliers to the A.E.C. and its Welding 
Committee Recently, a report ( Atomic Energy 
Commission Welding Conference, Sept. 30, 1954 
WASH-181) covering its status was partially de 
classified for the benefit of those who may have 
similar problems. 

Cracking, both in the weld metal and in the 
heat-affected zone of the base metal, was the 
major problem for the A.E.C., and for other fab 
ricators and users of Type 347 equipment. Four 
classes of cracks were reported; the most common 
was the “crater crack” which had been encoun 
tered by all major stainless fabricators queried 
This is the kind seen in the crater or surface 
depression at the end of a weld bead. Next in 


order of seriousness and frequency of occurrence 


were “hot short” cracks, or microfissures, in the 
weld metal; then, base metal cracks; and finally 
“stress-relief” cracks which appear in either the 
weld metal or base metal after stress-relieving 
heat treatment or service at high temperature 

Crater cracks are usually deeper with inert 
gas shielded-arc welding than when welding 
with coated rods, They are attributable in part 
to the welding tec hnique and can sometimes be 
eliminated by a controlled decrease of the weld 
ing current at the end of the bead which helps 
fill up the crater. When cracks are obvious, they 
must be cut out completely and the weld re 
paired. Even when no cracks are evident, th 
craters should be removed and refilled if the weld 
is to be exposed to severe corrodents. There have 
been installations where severe corrosion has 
started in such craters and it is not known 
whether it was associated with undetected cracks 
or with a difference in corrosion resistance of the 
weld metal in the crater and the metal in the rest 
of the bead 

Microfissures, or hot short cracks, in the weld 
metal seem to be aggravated by columbium in 
fully austenitic weld metal. The cause is not 
fully understood and is still under investigation 
In America, the accepted method of eliminating 
or reducing its occurrence is to use a rod that 
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will deposit a two-phase structure in the weld 
metal. From about 4 to 8% ferrite in the structure 
appears to be the optimum amount for reducing 
Weld metal deposited by lime 


coated rods is less susceptible to cracks than that 


microfissures 


deposited by rods with titania-bearing coatings 

Although it reduces the cracks, the ferrite in 
the weld metal is not considered ideal for long 
time high-temperature applications, since it may 
transform to sigma and possibly cause a prema 
ture brittle failure 
sored by the A.E.C., a series of fully austenitic 
grades that include 19 Cr, 13 Ni, 1 Cb; and 19 
Cr, 13 Ni, 5 Mn, | Cb is being studied 


also some evidence that minor or residual ele 


In a research program spon 


T here 1S 


ments may affect the fissuring characteristics, so 
This investi 
gation was initiated by the High Alloys Commit 
tee of the Welding Research Council, and has 


this matter is also being checked 


since been under the guidance of an A.E.C. ad 
visory committee. Arcos Corp. is managing the 
program. 

Base-metal cracks are of two general types 
those that are a continuation of fissures originat 
ing in the weld metal, and those wholly in the 
heat-affected zone of the base metal. Anything 
that can be done to reduce stresses during weld 
ing will help this condition. If the cracks origi 
nate in the weld, they can probably be eliminated 
by using the kind of rod described above, which 


produces ‘a two-phase structure in the weld 

































Crater Crack in Root 
Pass of Type 347 Weld 
Metal Deposited in “l 
Groove in %&-In Type 
304 Base Material. 2 





Cracks in the heat-affected zone 


metal 


otten 
indicate something wrong with the composition 
Sulphur 


silicon, columbium and carbon contents 


of the base metal phosphorus, man 
ganes¢ 
all have some effect on the cracking tendency 
but the exact relationship is not known 

If the cracking cannot be eliminated by reduc 
ing the stresses during welding, careful repair 
welding 1S 


necessary after cutting out the 


cracked region. Both stress-relieving heat treat 
ment and preheating have been successfully used 
to eliminate cracks in repair welds. Peening the 
weld before it has cooled has also proved helpful 
where a shallow repair is made 

“Stress-relief” cracks, which appear after expo 
sure to heat treatment or elevated temperature 
service, are hot tears similar in appearance to 
microfissures in the weld metal and base-metal 
cracks. When they are detected in the weld 
metal, the consensus expressed at this committee 
meeting is that they were present before expo 
sure but were not detected by the inspec tor. They 
either open up slightly during the period at ele 
vated temperatures and become easier to find 
or are discovered by more careful inspection 

Such cracks in the base metal are often in the 
same category, that is, overlooked in the first in 
spection and found later They can also be 
attributed to stress-rupture failures when th 
residual stress in the welded assembly is high 


The stress-rupture failure occurs in the base 


Hot Short Type of Weld Crack 
ing in 1/16-In. Thick Type 
347 Sheet Butt Welded Usin 
the Imnert-Arc Process and 
no Added Filler Metal. Etched 
with Vilella’s Reagent 0 
























Microfissures in Low Ferrite Type 347 
Weld Deposit at Junction of Back- 
Up Ring. Oxalic acid etch. 100 


metal because the weld metal is stronger than 
the base metal at elevated temperature The 
remedy is to prevent in some manner high stress 
conditions in the weldment. Annealing before 
welding or preheating is one palliative 

In the last four years, Type 304 L (15 Cr, 5 Ni 
steel with carbon below 0.03%) has served in 
many applications as an alternate to Type 347, 
It can generally be used as-welded under ordi- 
nary corrosive conditions at temperatures up to 
800 or 900° F 


considerably less than that of Type 347, and there 


Above this range its strength is 


is some question as to its corrosion resistance 
particularly where there is a possibility that it 
might pick up carbon from the surroundings 


In weldments made entirely of 304 L, none of 


the welding difficulties found with Type 347 have 


been encountered. There has been some crater 
cracking but it can be attributed to welding tech 
rather than the alloy. For inert-gas 
shielded-are welding, Type 308 L (20 Cr, 10 Ni 
less than 0.03 C) is used for filler metal. Type 


308 L. has been used successfully 


niques 


with coated 
rods, but there is some difficulty in keeping the 
If the 


corrosion conditions are so severe that a carbon 


carbon content in the welds below 0.03% 


content of about 0.04% would be harmful, then 
Type 347 rods must be used and the same prob 
lems of crater cracks and microfissures may be 
encountered as in an all-Type-347 assembly 
Type 308L weld metal has been used for 
joints in Type 347 and practically no cracking 


occurs. It is not generally recommended, how- 


pty 
es bme/) 


Base Metal Cracking in Heat-Affected Zone 
of Type 347. Etched in Glyceregia. 250 


ever, because dilution of the weld metal by the 
base metal increases its carbon content which 
may affect resistance to existing environment, A 
second disadvantage is that the strength of the 
weld metal is lower than the base metal and may 
be insufficient for certain high-temperature or 
high-stress applications.* 

At present when welded assemblies must be 
made from stainless steel that is resistant to sen 
sitization, the A.E. 
Type-304 L, weldment. If corrosion conditions 
are severe, 304 L, base metal is welded with Type 
347 welding rods for extra protection of the weld 
area 


recommends first an all 


When either operating stress or service 
temperature is too high for Type 304 L, an all 
Type- 347 assembly is selected 

To reduce cracks associated with Type 347 
weld metal, welding rods that will deposit a 
two-phase structure with about 4 to 8% ferrite 
in the austenitic matrix are used, Cracks must be 
cut out and repaired. Craters should also be 
eliminated if corrosive conditions are severe. @ 

*In a German steam power plant operating at 
1130° F 


required 


where a wholly 


austenitic weld was 
extra-low-carbon unstabilized rods were 
not used bene itisé ol Corrosion Instead they have 
ck veloped and used 


13 Ni coating 


containing cobalt The composition of the 


a columbium-bearing 16 Cr 
welding rod composition with a 
weld 
O.108 ¢ 25% Mn 16% ¢ 

1.2% Ch. This development s 
des ribed itt Successful Manutac ture and I “ee of 
All-Austenitic Welding Electrodes”, by Egon Kar 
hausen and H. A. Vogels, Metal Progress 
1955 Pp 129 


! 
metal is nominally 


| yf Ni 6F Coho 


January 
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Lubricants for Titanium 


By ERNEST RABINOWICZ 
and E. P. KINGSBURY* 


Clean titanium rubbing surfaces show high friction and wear, 

and lubricants which are successful for ordinary 

machine components are ineffective. Certain long-chain 
hydrocarbons with active atomic groupings attached along the chain 
are the best so far discovered; they reduce the coefficient of 

friction by two thirds, and wear by a factor of ten or more. 


A, ARTICLE On the “Frictional Properties 
of Titanium and Its Alloys” was published in 
Metal Progress for February 1954 (p. 107). It 
concluded with several observations: 

1. When clean surfaces are rubbed together 
titanium easily forms strong welds with other 
metals and comparatively large amounts of tita 
nium are transferred to the other surface 


2. Commercial liquid lubricants 


easily ad- 
sorbed on other metals, are not effective in re 
ducing the coefficient of friction (0.49) of clean 
titanium on titanium 

3. Solid lubricants are ineffective because they 
are weakly bonded to the metal and easily 
pushed aside. 

4. In any sliding combination, the smaller area 
should be titanium —for example, a_ titanium 
piston in a steel cylinder 

The present article summarizes our search for 
some method of preventing or alleviating the 
welding and galling characteristics of this inter- 
esting metal, Most of the suggested solutions 
have involved coating the titanium with a solid 

*Lubrication Laboratory, Massachusetts Institute 
of Technology, Cambridge, Mass 

| The research on which this paper was based was 
carried out under contracts No, 53-213C and 54- 
$90, Bureau of Aeronautics, U. S. Navy. It is with 
pleasure that the authors thank Prof. Brandon G 
Rightmire of the Massachusetts Institute of Tech 
nology for encouragement and guidance 
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substance, either one derived trom the metal 
itself (for example, a nitride) or a chemically dis 
tinct material that can be made to adhere to tita 
nium and has superior frictional properties (for 
example, chromium or graphite-resin) All these 
suffer from the disadvantage that the treatment 
is not permanent; sooner or later the coating will 
be worn through and its protection lost. Use of 
a liquid lubricant, on the other hand, should be 
free from this objection, and our studies at 
tempted to find one. 

The equipment for measuring the frictional 
force was described in the article last February 
A rider, a “-in. rod of RC-70 titanium with 
spherical end, rested on a rotating titanium flat 
Sliding speeds were 2 ft. per min. and the load 
Was 9 2 lb 

In many tests the friction was high for the 
first few revolutions but gradually dropped off 
until, finally, a steady value was reached. These 
circumstances are indicated by the red curve 
in Fig. 1 representing tests with a single lubri 
cant, Halocarbon 11-14 


that this behavior was caused by wear of the 


It was at first thought 


hemispherically ended rider, but tests with 
cylindrically ended riders, in which the geometry 
remains the same during test, gave the same re 
sult. It therefore seems that the drop in friction 
is associated with the wearing away of the sur 


face layers initially present on the titanium 





Our numerical conclusions are based on the 
arithmetical average of the frictional coefficient 
measured during the first, 26th, 51st, 76th and 
101st revolutions. We concluded that such an 
average was a valid criterion for the effectiveness 
of the lubricant under test, for the points and 
curve in black in Fig. 1 made with a variety of 
lubricants show that in our equipment, low fric- 
tion between titanium test pieces is always ac- 
companied by low wear. (Wear is measured by 
weighing both rider and flat before and after 
sliding 300 ft. at 10 ft. per min. under a load of 
5.5 lb., and is figured as grams per centimeter of 
sliding 

Mineral Oils 


nium lubricated with a considerable number of 


Friction coefficients for tita 


pure hydrocarbons and commercial mineral oils 
were measured. Some of the latter contained 
In all, 15 


such lubricants were tested; those with viscosity 


anti-friction and anti-wear additives 


between 50 and 10,000 centistokes were ineffec- 
tive. With them the friction coefficient of tita- 
nium on titanium was 0.45 to 0.47, in comparison 
with unlubricated friction of 0.49. One oil with 


even higher viscosity gave a result of OAl. It 


appears that mineral oil lubricants are useless 


Long-chain hydrocarbon derivatives were tried 
on titanium, in view of their effectiveness on 
other 


liquids were used pure and the solids in solu- 


metals, with the following results: the 


tion in various solvents: 
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0.10 0,20 030 O40 
Coefficient of Friction 











0,50 


Fig. 1 


in Friction 


Red Show a 


Increasing 


Data in Gradual Drop 
With Number of Revo- 
Slider Around the Track. These 
tests were made with one lubricant, Halo- 
carbon 11-14. Black data show that meas- 
ured wear of against ti- 
tanium using a variety of lubricants increases 
directly with the frictional coefficient. Co- 
efficient for unlubricated titanium is 0.49 


lutions of 


amount of titanium 


LUBRICANT f 
Octadecyl alcohol in cetane 0.40 
Oleic acid 0.42 
Octadecy! chloride 0.48 
Butyl stearate 0.48 
n-hexadecylamine in cetane 0.45 
Palmitic acid in cetane 0.45 
1/16% ferric stearate in an oil 0.53 


In addition, a number of commercial greases 
were tested. The friction coefficient for all was 
close to 0.49, the value for unlubricated titanium 
so that these greases, normally considered among 
the finest lubricants, had to be abandoned as 
possibilities 

Reactive Inorganic Liquids — Since the poor 
lubrication of titanium is probably due to the 
unusual properties of its surface layers, it was 
thought that a chemically active liquid might 
dissolve or otherwise modify the surface layers 
and produce good lubrication Among such 
liquids tried were a strong solution of caustic 
soda in water, a solution of iodine in alcohol 
and a solution of hydrogen sulphide in water 
The friction coefficient was lowered slightly, but 
the rate of reaction with the titanium surface 
was slow, and the nature of the liquids makes 
them unsuitable for general use 

No reduction in friction was observed when a 
solution of potassium nitrite in water was used 
although it is effective for grinding titanium 
Probably it modifies the titanium surface layers 
only at high temperatures 

Synthetic Long-Chain Compounds — We 
tested 


ethylene 


silicone oils (Dow-( orning Co.) poly 


glycols polypropylene glycols and 
Ucon fluids (Union Carbon & Carbide Corp 
and the Pluronics (Wyandotte Chemical Co 
These latter four compounds contain oxygen 
atoms periodically inserted into the long carbon 
chains 

For all of these the 


was similar to unlubricated titanium but ce 


initial friction coefficient 


creased as sliding continued over the same track 
Within any family of compounds the higher 
viscosity fluids had the lower friction coefficient: 
but this effect is not related to the formation of 
a full-fluid lubricating film, since the friction 
coefficients were not directly dependent on the 
sliding velocity. Representative values for a 
number of compounds, averaged over 100 revo 


lutions, are listed: 


LUBRICANT f 
Polyethylene glycol 1000 0.26 
Ucon fluid 25-H-1400 0.3) 
Polypropylene glycol 1025 0.33 
Pluronic L-44 0.56 
DC silicone fluid 200-1000 0.43 
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While the polyethylene glycols are the most 
effective 
tion somewhat. 


all the compounds do reduce the fric- 


Sugar solutions, molasses, honey 


and maple 
syrup were tried, Fairly low friction coefficients 
(0.32) were obtained provided the sugar concen- 
tration was high enough, but for diluted solu- 
tions the values approached 0.49. (The chemical 
structure of sugar is essentially that of a long 
hydrocarbon chain with a hydroxyl group substi- 
tuted on every carbon atom.) 

Halogenated hydrocarbons provided good lu 
brication. The polychloro - trifluoro - ethylenes 
(made by Halocarbon Products Corp., Hooker 
Electrochemical Co., and M. W. Kellogg Co.) 
were particularly effective, and methylene iodide 
and tribromopropane also gave low friction co- 
efficients. Carbon tetrachloride is relatively inef 
fective, as are other low boiling-point liquids 
Long-chain hydrocarbons with halogen groups 
on only one or a few carbon atoms also gave high 
friction coefficients, and it appears that effective 
lubricants should have 


every carbon atom or 


every other carbon atom halogenated. Tri 


chlorobenzene and other cyclic molecules also 


had poor lubricating properties 


LUBRICANT f 
Methylene iodide 0.18 
Halocarbon oil 11-14 0.21 
S-tetra bromoethane 0.25 
1,2 }-tribromopropane ().27 
Carbon tetrachloride 0.54 
1,2.4-trichlorobenzene 0.48 
1-bromopropane 0.55 


Since many of these liquids are very costly 
inert solvent 
were tried, such as Halocarbon 11-14 in cetane 
It was found, however, that a 30% solution gave 


dilute solutions in an inexpensive 


a friction coefficient of 0.46, and a 10% solution 
0.49 (the same Diluted lu 
bricants are apparently impractical 


as tor pure cetane 


These results show in a systematic way the un 
usual difficulties of lubricating titanium. Of great 
importance is the fact that hydrocarbons are 
quite ineffective; hence simple mineral oils can 
not be used with sliding titanium surfaces. 
METAL 
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Next is the curious result that hydrocarbons 
with an active grouping substituted at one end 
long-chain alcohols, acids 


as in the soaps 


amines, esters and monohalides, are ineffective 
Possibly the mechanism of adsorption on other 
with the grouping strongly ad 


sorbed to the metal surface and the long chains 


metals active 
closely packed at right angles to the surface 
(Fig. 2, left) does not apply to titanium 

When active atomic groupings are placed 
regular intervals along the hydrocarbon chain 
however, a better lubricant for titanium is ob 
tained. These active groupings may be halogen 


atoms, hydroxide groups, oxygen atoms in the 


chains, and probably other radicals. It seems 
that when the 


flat along the metal surface 


molecules are adsorbed they lie 
“stitched down” by 
the active groupings as visualized in Fig. 2 
right hand sketch. 

This hypothesis can account for a number of 
features of the lubricating properties of titanium 


First is the fact that ring shaped molecules 


for when 


'“VuUUliiiilii 


(1,.2.4-trichlorobenzene) are ineffective 





Fig. 2 Lubricants 
Left is for long-chain hydrocarbon derivatives with 
one reactive end tightly bound to most 
Right 


adsorption on titanium of hydro 


Hypothe tical Arrangements of 


which is 


metal surfaces, forming a dense “carpet.” 
represents the 
carbon derivatives wherein every carbon atom has 
grouping u hich is held to the metal. The 


adsorbed film is very thin and is more 


a reactive 


readily 
pem trated and broken dou nm by frictional force 5 


these are titanium surfac 
Second is the 


fact that for lubrication active groupings have to 


lying flat on the 


“holes” are inevitably present 
be present at regular intervals along the chain 
Third is the fact that really effective lubrication 
with friction 


coefficients under 0.10, is not 


achieved by any of them, since the lubricating 
r arpet is so thin that it is easily penetrated 
Since the friction values of these lubricants on 
titanium are the same as on steel, it appears that 
titanium is being lubricated no less effectively 
than any other metal 

While the drop in friction by the use of these 
lubricants (from 0.49 to 0.18 or a factor of less 
than three) may not be too great, the accompany 
ing drop in wear is by a factor of more than ten 
and very substantially adds to the life in service 


of the sliding member +] 





Hydrogen Embrittlement 
of Titanium Alloys 


Harris M. Burte, Eugene fF 


Report of an Investigation by 
Erbin, George T. Hahn, 


Ralph J. Kotfila, John W. Seeger, and Donald A, Wruck* 


Premature failure of aircraft engine parts made of 


titanium alloy was blamed on high hydrogen content. 


“Hydrogen embrittlement” has been observed in the laboratory 


at levels as low as 150 ppm. Producers are changing processes 


so as to meet Air Force recommendations of 125 ppm. maximum. 


B, THE SPRING of 1954, work at Battelle 
Memorial Institute (Journal of Metals for March 
1954, p. 367) and at Wright Air Development 
Center (Metal Progress, October 1954, p. 128) 
had indicated that hydrogen contamination 
might have very bad effects on the performance 
of titanium and titanium alloys. The seriousness 
of the problem was emphasized when Pratt and 
Whitney Aircraft reported failures of 
titanium alloy parts which could be attributed to 


Notched 


taken from the defective parts broke prematurely 


Corp. 


hydrogen embrittlement. 


spec mmMens 
under sustained loading 

The possibility that contamination by hydro- 
gen had rendered much of the titanium then 
in service or in stock throughout the country 
unsuitable for aircraft application prompted an 
emergency research program at the Materials 
Directorate of Research, Wright Air 
Development Center. Of immediate interest were 


Laboratory 


the following: 


*First Lieutenants Burte, Ex 
bin, Hahn, Seeger and Wruck 
are project engineers at the Ma 
terials Laboratory 


rectorate of 
Directorate of 
Wright Air Develop- 
Major Kotfila for 


merly senior project engineer, is 


Research 
ment Center 
gonal 
now associated with Rem-Cru Ti 
tanium, In 


icknowledge the assistance of the 


various members 
Branch, Materials Laboratory, Di 
Research 
particularly William H 

{Pure titanium can exist in two 
crystalline forms 
close pac ked 
called alpha stable below 1625” 
The authors wish to k or a body-centered cubic 
structure called beta, stable above 


1. More extensive information on the effects 
of hydrogen on the mechanical properties of 
alpha-beta titanium alloys.t 

2. Hydrogen tolerances for commercial alpha 
beta titanium alloys 

3. The scope of the contamination proble m 

The first results of this investigation, originally 
presented at a meeting at Wright Air Develop 
ment Center on Oct. 29, 1954, are summarized 


in this paper 
General Plan of Attack 


In order to isolate the effects of hydrogen 


contamination from other metallurgical vari 
ables, it was desirable to obtain different hydro 
gen contents in specimens from one heat of 
a given alloy. The hydrogen content was ce 
creased below that of the as-received material 
by vacuum annealing or increased by heating in 
Then, to 


adjust these materials to an equivalent thermal 


a controlled hydrogen atmosphere 


of the Metals 1625" | 


stabilize the beta phase 1) it exists 


Alloying additions can 


WAI 


tector of the commercial alloys contain 


at lower temperatures and most 


both the alpha and beta phase s at 
either a hexa room temperature. See L. D 
Jaffe’s comprehensive summary 
of the effects of alloying and heat 
treatment in Metal Progress for 


February, p. 10] 


structure 
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history, further anneals in air or inert gas were 
employed. (This does not change the hydrogen 
content, ) 

A typical set of treatments applied to a ma 
terial containing 250 parts per million (250 ppm.) 
hydrogen as received was: 

Final Hydrogen Content, 20 ppm.: Vacuum 
annealed at 1200° F. for 24 hr.; furnace cooled. 

Final Hydrogen Content, 170 ppm.: Vacuum 
1200° F. for 2 hr. and air cooled 
then heated in helium at 1200° F. for 22 hr. and 
furnace cooled 

Final Hydrogen Content, 250 ppm.: Heated 
in helium at 1200° F. for 24 hr. and furnace 
cooled (unchanged from the as-received hydro- 
gen content). 


annealed at 


Hydrogen analyses were preformed by Bat 
telle Memorial Institute using a vacuum fusion 
method; values were reproducible within 10% 

Tests — Previous experience shared by Battelle 
Pratt and Whitney, and the Materials Laboratory 
had indicated that in alpha-beta alloys hydrogen 
could cause embrittlement (fracture with defi 
cient elongation) under slow rate deformation o1 
sustained loading (rupture test). In this investi 
gation tensile tests were performed on unnotched 
and notched specimens at three strain rates 

Fast—0.1 in. per min. of head travel from yield 


Fig. 1 Tensile Tests on Ti 
140 A at Room Temperature 
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Log Time, Hr 
Fig. 2 
mens of 


Stress-Rupture Tests on Notched Speci- 
Ti-140 A at Room Temperature. Three 
levels of hydrogen contamination are noted: vac- 
uum annealed to 20 ppm by open circ les; 
by open triangles; 250 ppm | 

centages 


170 ppm 
»y black circles. Per 
represent reduction of 


area at fracture 


to fracture (0.003 in. per in per min. up to 
vield). 

Slow—0.02 in. per min. of head travel from 
zero load to fracture 

Very Slow—0.005 in. per min 

Rupture tests were performed on standard 
lever-arm creep-rupture frames. In general, sev 


eral tandem on a 


specimens were loaded in 
single frame. When one specimen broke, a new 
one or a dummy was inserted and the stress 
reapplied 

The \ Itlda- 
chined from bar stock had a gage length of 1 in. 
and a gage diameter of 0.187 in. The notched 
cylindrical specimen was a 0.294-in bar with a 
circumferential 60° V-notch that reduced the 
load-carrying area to a circle 0.187 in. diameter 
Radius at root of notch was 0.01 in. Specimen 


ends for both types were % in. diameter with 16 


unnotched cylindrical 


spec mens 


threads per inch. 

One type of sheet specimen used was a strip 
4% in. wide with 60° V-notches from each edge 
leaving % in. of metal to carry the load. Radius 
at the root of the notch was 0.01 in 
length was 1 in 


and gage 

It is not suggested that these specimens oO! 
test methods are the optimum for this type of 
testing; they did serve the 


however purposes 


of an emergency program 
Room-Temperature Mechanical Properties 


Bar Stock — The results of room-temperature 
tensile tests are illustrated by the data for Ti 
140A alloy (2.26 Fe, 2.35 Cr, 1.76 Mo) presented 
in Fig. 1. Over the range investigated (20 to 250 


ppm.) hydrogen contamination does not affect 





the unnotched or notched tensile strengths 
measured at either the fast (0.1 in. per min.) or 
the slow (0.02 in. per min.) strain rate. Tensile 
ductility is affected, but only when measured at 
slow strain rate. 

Rupture tests on this material illustrate the 
deleterious effects of hydrogen in a much more 
striking manner. An unnotched specimen con 
taining 250 ppm. fractured in 2.4 hr. at 119,000 
psi. (86% of the ultimate tensile strength) with 
only 3% reduction in area. At this stress level 
specimens of the vacuum-annealed material (20 
ppm.) did not fracture in 1000 hr. Rupture data 
for notched specimens are shown in Fig. 2. It is 
evident that: 

1. Hydrogen-contaminated specimens can frac- 
ture in a brittle manner 

2. Such fractures occur in relatively short times 
at stress levels where the low-hydrogen material 
does not fracture in long times. 
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Fig. 3—Room-Temperature Tensile and Rup 
ture tests on Notched Specimens of C-130 AM 
Height of the line rising from each point is 
proportional to reduction in area at fracture 


The data in Fig. 2 for the specimens contain 
ing 250 ppm. (solid circles) and 170 ppm. (open 
triangles) indicate that the time for fracture in 
creases as the hydrogen level decreases. Note 
that the tensile tests in Fig. 1 on the material 
containing 170 ppm. did not indicate a loss in 
ductility at the slow rate of pulling, whereas the 
rupture test specimens fractured prematurely 
Fig. 2). Presumably, the 170-ppm. material 
would show evidence of embrittlement in a 
tensile test if an extremely slow rate of straining 
were used, but as a practical matter it is easier to 
perform the rupture test. 

Similar results were obtained on another com 


mercial forging alloy C-130 AM (5.0 Al, 4.5 Mn) 


For example, the results of tensile and rupture 
tests at room temperature on unnotched speci 
mens of this alloy hydrogenated to 320 ppm. are 
lime TO R. A. at 
FRACTURE FRACTURT 
143,000 Psi 1.3 hi 11.8% 
136,000 9.0 5.6 
129.000 22 5.4 
123,000 142 2.6 

Fast tensile test x9 

Slow tensile test 37 


STRESS 


These data show that ductility decreases as time 
for fracture increases 

Figure 3 for notched specimens illustrates that 
at very high stresses and short times (up to 1 hr.) 
there is little difference in the rupture behavior 
of material hydrogenated (black circles) or vacu 
um annealed (open circles); both fracture in a 
relatively ductile manner. However, at low stress 
levels where low-hydrogen specimens do not 
fracture, hydrogen-contaminated specimens frac 
ture prematurely in a brittle manner 

Sheet — The effects of hydrogen on the rupture 
properties of flat specimens from sheet were 
found to be essentially the same as those ob 
served for cylindrical specimens from bar stock 
Some data for C-110M sheet are presented in 
Fig. 4. It can be seen that high-hydrogen speci 
mens fracture at low stresses, while low-hydro- 
gen specimens have not fractured after much 
longer periods of time even at higher stresses 
Premature fractures are characterized by the 
formation of a crack at the root of one or both of 
the notches. These cracks slowly (from 2 to 6 hr 
penetrate the gage section in the plane of maxi 
mum tensile stress, progressively reducing the 
effective cross-sectional area of the specimen 
The appearance of the final fracture in the resid 


ual cross-sectional area of the specimen is quite 


Fig 4 — Room-Temperature Tensile 
and Stress-Rupture Tests on C-110M 
Sheet. Specimens V-notched both edges 
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Fig.5—Tensile Tests on Unnotched Specimens(Slou 
Strain Rate) of Ti-140A at Various Temperatures 


similar to the broken surface in a short-time 
tensile test. This suggests that final fracture ox 
curs simply as a result of overloading 

Unnotched specimens from sheet were unsat 
isfactory for rupture tests. Hydrogen-contam 
inated specimens tended to fail in the grip area 
where stresses concentrate around the pinhole 

Shear cracking of titanium alloy sheet has 
been a continuing problem Experiments with 
titanium alloy sheets over a wide range of hy 
drogen contents showed no evidence that this 
is due to hydrogen contamination 

The characteristic effects of hydrogen con 
tamination on the room temperature mec hanical 
then, the 
strain rate dependence of tensile ductility and 


properties of alpha-beta alloys are 


premature brittle fracture in rupture tests. It is 
interesting to note that these effects are similar 
to the effects of hydrogen on steel. In any event 
the most significant consequence of this hydro 


gen embrittlement is that the load-carrying 


Table I 


Effect of Prior Heat and Stress on 
Room-Temperature Ductility 





Parvious TREATMEN' REDUCTION OF AREA 


20 250 
penase dla Pinel pem. H ppm. H 
As annealed 
95,000 psi iin YOO hy 
BO.000 YOO loo 
80,000 200 0 
W000 600 100 
50.000 H00 00 
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Fig 6 Effect of Hydroge n on 3% Mn 
Complex Alloy Previously Heat Treated and 
Aved to Various Strength Levels 
Tests at 70° F. and at a very slow strain rate 


Te msion 


capacity of commercial titanium alloys can be 
very seriously impaired. For the notched rupture 
specimens, the combination of hydrogen con 
tamination and stress concentration can cause 
premature brittle fractures at quite low nomina 
stresses (figured On gross Cross section 

The data also emphasized that hydrogen em 
brittlement is a time-dependent phenomenon. In 
hydrogen-contaminated specimens the reduction 
in area at fracture decreases throughout the fol 
lowing progression, ranging from short-time to 


long-time tests , 
Ductite ENp 


Fast tensile test 

Slow tensile test 

High-stress, relatively short-time rupture test 
Low-stress, long-time rupture test 


Brittle ENp 


Furthermore, the time required for embrittle 
ment appears to increase as the hydrogen level 
decreases. Since this hydrogen embrittlement is 
sO time-dependent the shorter-time tests may 
not differentiate between hydrogen-free and 
hydrogen-contaminated material 

It should be noted that these effects of hydro 
gen on the mechanical properties of alpha-beta 
alloys are quite different from the effects on alpha 
alloys. In alpha alloys embrittlement is observed 
when notched specimens are tested at high strain 
rates. See the article in Journal of Metals, March 


1954, noted at the beginning 





Figure 5 shows the effects of temperature 
on the slow-strain-rate, unnotched tensile prop- 
of both hydrogen-contaminated and 
vacuum-annealed (low-hydrogen ) Ti-140A. At 
70° F. hydrogen-contaminated specimens exhibit 
lower 


ot 


nealed specimens. However 


erties 


ductilities (reduction 


area) than vacuum-an- 


the deleterious effects of hydrogen are confined 
the data in the 


table show that hydrogen continues to influence 


to temperatures below 200° F 


the properties of Ti-140A at temperatures as high 
as 600° F, It is not yet known whether the amount 


Ti-ISOA 


distribution 
Hydrogen Analyses of Va 


Fig 


of 


Frequency 





this difference diminishes 


with increasing tempera- 


tures; above 200° F. hydro- 


rious 


Alr 


in 


Alloys the Hands of 


Force Contractors in 1954 





gen contamination 


appears 
to have no effect on reduc- 


tion of area. Ultimate tensile 


ot to 


cause this elevated tempera 


hydrogen required 


ture embrittlement is more 





strength is little affected by 
hydrogen content, at least in 
the range of 20 to 250 ppm. 


or less than the amount re 


C-I30 AM quired to cause the type of 
] embrittlement noted in room 





at 200° F. the 
hydrogen-contaminated ma- 


Furthermore 


terial shows no tendency for 
premature fracture at a stress 


level which does cause pre- 


mature fracture at room tem- 





-eeeeee 


temperature rupture testing 


8&Mn Alloy Sheet 


Effect of Heat Treatment 


to determine 
an age hardening 


affect the 


order 


In 
whether 


. eeee treatment would 





SS 
SS 


perature Rupture test data 


S 


for notched specimens at 7 

and 200° F 

HYDROGEN 
LEVEI 


are: 


TEMPER STRESS Tims 
TURI 

72° F 100,000 psi 1224 hi 

200 111,000 1175 
72 98,000 i 


200 111,000 917 


The effect on room-temperature properties ot 


20 ppm 


250 ppm 


exposure to stress at elevated temperatures was 
Ti 


140A, in terms of reduction of area of specimens 


also determined. Results of these tests on 
tested in tension at room temperature subse 
quent to exposure are shown in Table I It should 
be noted that the tensile tests were performed at 
the fast strain rate and that all the specimens 
tested were originally in an annealed condition 
The 


nealed at 


low-hydrogen material had been vacuum an 
1200° F. for 24 hr.; 


was treated similarly in helium 


the high-hydrogen 


Phe results show unmistakenly that exposure 
to stress and temperature leads to embrittlement 
in the hydrogen-contami 
but has little effect on the 
Since the fast rate of 


deformation in the tensile test used does not offer 


brittle type fractures ) 
nated materials 
vacuum-annealed material 
sufficient time for embrittlement, the loss in duc 
tility noted for the hydrogen-contaminated speci 
mens must have occurred during the prior ex 
posure to high temperature and stress 
Whereas the results of tensile and rupture tests 


conducted at elevated temperatures suggest that 


200 300 
2 Hydrogen, Ppm 


400 500 ductility of samples contain 
ing various amounts of hy 
drogen, some tensile samples 
the 3% manganese complex 
October, 1954 p 128) 
These were at four hydrogen levels (approxi 
mately 30, 120, 200 and 300 ppm 
was heat treated to four strength levels (120,000 
150,000; 170,000 and 180,00 psi 


aging after solution treatment 


were prepared of 
alloy ( Metal Progress 
and each set 


by appropriate 


These samples were then pulled at a very 
slow strain rate. Resulting figures for reduction 
in area are plotted in Fig. 6. It is obvious that 
hydrogen has a more pronounced detrimental 
effect at the at the 
120,000-psi high-strength 


material at 


high strength levels than 
level. The 


evidence embrittlement 


strength 
for 
100 ppm 


shows 
hydroge n le vels as low a 

In another experiment, specimens of Ti-140A 
alloy with a hydrogen content of 210 ppm. were 
tested heat treated state 
cooled from 1200° F b 
1350° F. The furnace-cooled 
evidence for premature fracture whereas the air 


The 


temper rature rupture tests on notched specimens 


in two a) turnace 


and air cooled from 


spec HMmMens show 


cooled specimens do not results ot room 


are as follows 


Heat 


(LONDITION 


TREATED lime TO 
STRE 
cooled 175.000 psi 
145.000 
170.000 


145.000 


Fracrurn 
1.0 he 
10 

93 

100 


Furnace 


Air cook d 
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The results described above suggest that the 
susceptibility to hydrogen embrittlement, or the 
hydrogen content at which embrittling effects 
first become noticeable in alpha-beta alloys, de 
depends upon the prior heat treatment or upon 


the microstructure 
Hydrogen Tolerances 


In order to obtain information on the levels 
of hydrogen contamination which can cause em 
brittlement, some of the commercially available 
forging alloys were subjected to room-temper 
ature rupture tests. In general, one or more high- 
hydrogen levels for a given heat were compared 
to a vacuum-annealed low-hydrogen control lot 
presumed to be free of hydrogen embrittlement 
Premature fracture of the high-hydrogen mate 
rial was accepted as evidence of embrittlement 
The results of these tests are summarized in 
Table II. 

These results show that embrittlement can 


occur at hydrogen levels as low as 150 ppm. It 


Table I! — Evidence of Embrittlement as 
Indicated by Stress-Rupture Test 





Hyproat N 


SRITTLI 


ALLoy AND Heat 
LeVEI NI 
li-140 A (2 Fe, 2 Cr, 2 Mo 
Ht. M 1170 170 ppm 
Ht. M 1170 250 
Ht. M 1192 210 
Li-L SOA (1.5 Be 
Hi. R 68 
Ht. M 308 
1i-155 AX (5 Al, | he 
1.4 Cr, 1.2 Mo 
C-130 AM (4 Al, 4 Mi 
Hr, B 5038 
Ht. B 337! 
Hit. B 337! 
Ht. B 3371 
li-h Al-4 V (6 Al, 4 \ 











is not known how closely the vacuum-annealed 
level must be approached before ductile be- 
havior is attained, since no data were obtained 
in these investigations about behavior of metal 
containing hydrogen levels between the lowest 
ones shown and the low levels of the control lots. 

The Ti-155AX and Ti-6A1-4V alloys showed 
no evidence of embrittlement due to hydrogen 
but since only one heat and one heat treated 
state was tested, there is not yet enough infor 
mation to justify high hydrogen tolerances for 
these compositions, The results do, however, sug- 
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gest that it should be possible to produce alpha 


beta alloys with high hydrogen tolerances 
Scope of the Contamination Problem 


Some of the possible sources of hydrogen con 
tamination in titanium alloys are 
1. Acid leaching of sponge 


2. Carryover of water into the are 


melting 
operation 

3. Pickling or descaling operations 

4. Annealing or heat treatment in the presence 
of water vapor or a reducing atmosphere 

A survey of titanium alloy stock being used by 
Air Force airframe and engine contractors during 
the summer of 1954 showed that the hydrogen 
content of samples from different heats ranged 


4 break 


each point 


from about 50 to more than 400 ppm 
down by alloys is shown in Fig. 7 
represents a different heat 

The titanium currently being produced may 
have much less hydrogen than the material on 
hand in mid-54, since the manufacturers have 
modified their processes in an attempt to control 
hydrogen content. These include reduced pres 
sure arc melting, double melting improved pick 
ling baths, and the use of oxidizing atmospheres 
for annealing or heat treatment. In addition, con 
taminated material is being reclaimed by vacuum 
annealing 

More 


sponge hardness 


information is needed on the effects of 
alloy composition, and heat 
treatment on the hydrogen tolerances for tita 
nium materials. For the present, the Air Force 
has recommended a maximum hydrogen content 
of 125 ppm. in aircraft-quality alpha-beta tita 
nium forging alloys 
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as shown in Specification 


Summary 


Hydrogen contamination in alpha-beta tita 
nium alloys can cause low ductility in slov 
strain-rate, room-temperature tensile tests and 
premature brittle fracture in room-temperatur: 
rupture tests. Combination of stress concentra 
tions and hydrogen contamination can lead to a 
drastic decrease in the load-carrying capacity ot 
Another 


tamination is increased susceptibility to em 


these alloys result of hydrogen con 
brittlement as a result of exposure to stress and 
elevated temperature 

The hydrogen level at which embrittlement 
becomes noticeable depends upon alloy compo 
sition and heat treatment. Premature brittle fra 
ture in room-temperature rupture tests has been 
noted with hydrogen as low as 150 ppm rs) 





2 nictures and sketches 


You belong in this picture 


An evening with this interesting booklet will bring you the 
fascinating story of alloys and what they do for today’s better 
steels and irons. For your copy of “Hot-Metal Magi: write 
to Electro Metallurgical Company, a Division of Union 
Carbide and Carbon Corporation, Room 351, 30 Fast 42nd 
Street, New York | N. Y. In Canada: Electro Metallurgical 
Company, Division of Union Carbide Canada Limited 
Welland, Ontario 
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John F. Tyrrell 


In line with Metal Progress’s ex 
panding editorial program, a new 
associate editor has been appointed 
john Tyrell @ brings to the staff a 
unique combination of qualifications 

metallurgical engineering and busi 
ness knowledge concerning our pub 
lication acquired by serving as sales 
respresentative 

John Tyrrell graduated from Mas 
sachusetts Institute of Technology in 
February 1943 with a Bachelor's de 
gree in metallurgy. His first position 
was with Allegheny Ludlum Steel 
Corp., where he worked principally 
on mill problems associated with 
stainless steels, After a two-year in 
terruption for naval duty, he joined 
the Solar Aircraft Co, of San Diego 
Calif. as a metallurgist. His experi 
ence here in the fabrication ot ai 
craft and jet-engine alloys ranged 
through the welding, forming, heat 
treating and cleaning departments 
and the stainless steel foundry; he 
also assisted in the ce velopment ol 
new alloys for gas turbines 

Tyrrell joined the business staff 
of Metal Progress in 1951, covering 
part of the eastern territory. On the 
editorial staff he will work closely 
with John Parina, Jr., an associate 
editor since 1951, under the dire« 
tion of Ernest E. Thum, editor of 
Metal Progress since it was estab 
lished by A.S.M. in 1930 

Wittiam H, EtsenMaAn 
Secretary 
American Society for Metals 
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Bruce S. Old 


Bruce S. Orv @, formerly presi 
dent of 


bridge, Mass.. and more recently 


Cambridge Corp., Cam 


chairman of the board has resumed 
his full-time activities as vice 
president in charge of the chemical 
and rie tallurgic al engineering divi 
sion of Arthur D. Little, Inc. Dr. Old 
graduated from the University of 
North Carolina with a B.S. degree in 
chemical engmeecring, and received 
his Sc.D. in metallurgy from Massa 
chusetts Institute of Technology. For 
several years following graduation 
he was research engineer for Beth 
lehem Steel Co., and later join d the 
Office of Coordination of Research 
and Development, going from there 
to the Office of Research and Inven 
tions in the Office of the Secretary 
of the Navy. 

He left the Navy with the rank of 
and joined Arthur D 
Little, Ine in 1946. Here he di 


rected research on the operation of 


‘ ommander 


iron blast furnaces at high top pres 
sure, and was also responsible for 
the development of the jet tapper 
now used extensively by the steel 
industry in this country for safely 
and CCOnOHNIC ally tapping open 
hearth furnaces. Dr. Old has r 
cently resigned as consultant to the 
where 
he was chief of the Metallurgy and 
Materials Branch 


Atomic Energy Commission 


Division of Re 


search. He is also a member of the 


American Institute of Mining and 
Metallurgical Engineers 


Walter A. Dean 


Walter A. Dean Se chief metal 
lurgist of Aluminum Co. of Ameri 
Works has been 


named co-ordinator of te hnologic al 


ca’s Cleveland 
developme nts in titanium. This is in 
line with the company s expanding 
titanium activities, particularly in the 
forging field. Dr. Dean has been 
active in research and process metal 
lurgy with Alcoa for the past 25 
years, and was prominent in the 
development of a number ot ilumi 
A native of 
he graduated from Cooper 
Union Institute of Technology in 
1926 with a B.S. degree in chemical 


engineering. He continued his studies 


num alloys sridgeport, 


Conn 


at Rensselaer Polytechnic Institute 
where he received his MS. de gree 
in 1927 and a Ph.D. in 1929. Fol 
lowing this, he went with the re 
search laboratories of Aluminum Co 
of America at New Kensington. Pa 
In 1931 he was transferred to the 
research laboratories in Cleveland 
where he remained until promoted 
to assistant manager of the perma 
nent mold plant in 1945. In 1949 
he became chief metallurgist of the 
Works. D 
written several articles on machin 
ability of 


Cleveland Dean has 
aluminum und is the 
author or co-author of ipproximate ly 
90 patents covering alloy and process 
developments. He is a past chairman 
of the Institute of Metals Division 
of the A.I.M.E 


Charles J. McGowan @ has been 
appointed sales engineer for the 
Pittsburgh territory for Standard 
Steel Works Div Jaldwin-Lima 
Hamilton Pittsburgh Mr 
Gowan formerly represented Kropp 
Chicago 


( orp 


Forge Co 





OLE 


For Brush 


Brush Type BK-1514, a 14-channel re- 
cording-reproducing head for use with 
magnetic tape 


Revere Extruded Shape used for the base 
of the head 


The base of the magnetic recording-reproducing 
head shown here is a Revere brass extruded shape. 
You can see that it is rather simple in design, yet 
Brush Electronics Co., Cleveland, Ohio, reports 
that the shape saves 15¢ per piece (149" long) 
over the previous method of milling the piece out 
of solid bar. There were three operations required 
on the bar, which weighed 1.61 tb. per foot, against 
1.22 tb. per foot for the shape. Eliminating the 
machining operations, and reducing scrap almost 
to the vanishing point, produced the economy. 


The head in question can record and reproduce 
signals from 14 channels, at frequencies within, 
below, or above the audible range. Such a head is 
being increasingly employed to handle informa- 
tion to be used for computation, telemetering, 
inventory records, process control (automation) 
and similar purposes. 


Extruded shapes by Revere should be looked 
into if you are doing any extensive machining of 
raw stock in copper and its alloys, and aluminum 
alloys. The extrusion process is much like squeez- 
ing paste from a tube, Much more intricate shapes 
than the one shown here are possible. Naturally, 
all design lines must be parallel to the axis of 
extrusion. Get in touch with the nearest Revere 
Sales Office, and see if Revere Extruded Shapes 
may not save you money. 


REVERE 


COPPER AND BRASS INCORPORATED 


Pounded by Paul Revere in 1801 
250 Park Avenue, New York 17, N. Y. 


Mille: Baltimore, Md; Chicage aud Clinton, 111; Detreit, Miche Lax 
Augeles and Riverside, Cali, New Bedford. Mau. Rome, N. ¥ 
Sales Offices in Principal Cities, Distributors Everywhere 
S48 “REET THE PRESS” OF HOC TELEVISION, SumDaTS 
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Personals .. . 


Moss V. Davis @ recently a 
cepted the position of chief metallur 
gist with Anderson Works 
Inc., Birmingham, Ala. He was for 
merly employed by the Western 
Electric Co., Inc., Winston-Salem 
N. C 


Brass 


Malcolm F. Judkins @, manager 
of new products for Firth Sterling 
Inc., was recently presented with a 
lifetime membership in the Society 
of Carbide Engineers 


John H, Zauner @ was recently 
appointed general manager of Henry 
L. Crowley & Co., Inc., West 
Orange, N. J. 


Gilbert E. Kempka @, previously 
an instructor in the department of 
metallurgical engineering, Univer 
sity of Wisconsin, and more recently 
project assistant on malleable iron 
research, American Foundrymen’s 
Society, at the same university, is 
now chief metallurgist for Johnson 


Motors, Waukegan, Ill. 


Kenneth E. Shaweker @, formerly 
metallurgist for Republic Steel Corp 
Massillon, Ohio, is now employed as 
an attorney in the patent section of 
Battelle Memorial Institute, Colum 
bus, Ohio 


T. Rybka r=) is now sales engi 
neer in the special products division 
of the American Cast Iron Pipe Co 
Birmingham, Ala 
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Sentry Furnaces Mean 


Reliable Heat Treating 


ROTARY Free 


if you are looking for complete protection against scale and 
decarburization on your high speed and air hardening steel tools 


during the heat treating cycle 
Heat Treating Department. 


Sentry Equipment belongs in your 


Sentry’s claim to reliability, economy and quality is well founded 
on years of satisfactory performance in leading metal-working plants 
throughout this country and abroad. In Sentry Furnaces important 
tools may be hardened with confidence, completely free from scale 
or decarburization while amply soaked to assure maximum hardness. 

If you are heat-treating circular form tools, 
counter bores, taps, drills, dies, cutting tools 


in fact any tools made from high speed or air 
get the facts on Sentry 
Equipment, It belongs in every Heat Treating 


hardening steels 


Department. 


entry ELECTRIC FURNACES 


> 


THE SENTRY CO.+ FOXBORO MASS 
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Reqvest Catalog F-34 
Tells the full story of 
Sentry Furnoces and The 
Sentry Diemeond Block 
Method. 














Alfred 5S. Keh S$ who has com 
pleted his work toward his Ph.D 
degree in metallurgical engineering 
at the University of Michigan, has 
joined the Fundamental Research 
Laboratory of United States Steel 


Corp., Kearny, N.J. 


Floyd S. Greenwood, Jr. @, is on 
a two-year military leave of absence 
from Lukens Steel Co 
Pa., and is in training as an ordnance 
supply specialist at Aberdeen, Md 


H. T. Gibbons @ has resigned as 
chief inspector at Airtex Products 
Inc., Fairfield, Ill., to accept a posi 
tion as quality control director and 
chief inspector for A. B. Chance Co 
Centralia, Mo 


, Coatesville 


Stanley W. Moulton, Jr. @, for 
chief Midwest 


Precision Castings Co 


merly engineer at 
Cleveland, is 
now an estimating engineer with 


Hitchiner Mfg. Co., Milford, N.H 


Norbert D. Greene, Jr. @ has re 
ceived his M.S. degree in metallurgy 
from Ohio State University and is 
now working toward a Ph.D spe 
cializing in corrosion research, under 
sponsorship of the Alloy 
Institute. 


Casting 


Dante Accinno @ 


search associate at Stevens Institute 


formerly re 


of Technology, is now a metallur 
gist in the physical research labora 
tory, Baker & Co., Inc., Newark, N.] 


James B. Reid r~ ] was recently ap 
pointed magnesium sales supervisor 
in the Philadelphia sales office of 
Dow Chemical Co, after working for 
13 years in the New York sales office 


He has been with Dow 25 vear 


Frank L, Whitney, Jr. @, corrosion 
consultant for the general engineer 
ing department of Monsanto Chemi 
cal Co., St 


president of the National Association 


Louis, has been elected 


of Corrosion Engineers 


Donald L. LaVelle @, formerly 
research metallurgist in the central 
research laboratory of the American 
Refining Co New 


York has been appointed assistant 


Smelting and 


manager of the aluminum depart 
ment and will be located at the com 
pany’s Perth Amboy, N. J., plant 
Mr. LaVelle graduated from the Uni 
versity of Washington in 1941 and 
Montana School of Mines in 1942 
with B.S. and M.S. degrees in metal 


lurgical engineering 





SCOVILL yo De bec 


is an exclusive development that exemplifies what we 
mean when we stress the salabie difference in Scovill Mill Products. 


Here is aluminum that sete a new standard of uniformity in meeting close 
specifications ...in precision control of directional properties, temper 

and grain size...in close dimensional limite and fine finish... features 

that mark a distinct difference in commercial wrought aluminum sheet alloys. 


The above photograph of typical parte demonstrates 

the fine fabricating qualities of Truepec ... that make 

It possibile for you to control “earing” and “orange peel” effect to 
a far greater degree than has been possibie in the past. 


As a result, products made from Truspec Aluminum show superior 
quality and finish, with fewer rejects at maximum production... 
differences any fabricator can out. in today’s market. 


Scovill Manufacturing Company, Mill Products Division, 
99 Mill Street, Waterbury 20, Connecticut. Phone PLaza 4-1171. 


MILL PRODUCTS 


BRASS @e BRONZE @ NICKEL SILVER © ALUMINUM 
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Personals . . . 


N. F. Vinatieri @ has joined Meta! 
Control Laboratories, Inc., Hunting 
ton Park, Calif., as metallurgical 
engineer and will head the metal 
lurgieal department, Mr. Vinatiori 
is a graduate in metallurgical engi 
neering from the South Dakota 
School of Mines, and for the past 
nine years has served as metallurgi 
cal consultant for Ducommun Metals 
and Supply Co., Los Angeles 


Robert D. Robertson @ has been 
appointed materials engineer at 
American Locomotive Co., Schene« 
tady, N. Y. Formerly welding engi 
neer with Air Products, Corp., 
Emmaus, Pa., and Fitzgibbons Boiler 
Co., Oswego, N. Y., Mr. Robertson 
has also served as senior metallurgist 
of American Car and Foundry Co., 
Berwyk, Pa., and supervisory metal. 
lurgical engineer with Black and 
Decker Mfg. Co., Towson, Md. He 
is a graduate of Rensselaer Polytech- 
nic Institute 





the first 
of a new line of 


controlled 
atmosphere 


heat treating 


furnaces 


for clean hardening without decarburization 


Now, for the first time, atmosphere pro- 
tection in small furnaces is available 
with a reasonable investment and low 
operating costs. This new Cooley GA-3 
electric furnace has been especially de- 
signed for tool rooms and small pro- 
duction, As a package unit it includes a 
fully wired temperature control panel 
and atmosphere generating unit. The 
furnace incorporates a sealed alloy re- 
tort with tightly closed door, automatic 
gas curtain and foot operated door 


mechanism. 

The atmosphere is generated by crack- 
ing alcohol and water of proportions 
pre-determined to suit the application. 
Steel may be clean hardened without de- 
carburization, or may be carburized. 
This patented process is simple in de- 
sign and operation, and requires little 
adjustment. 

Investigate the possibilities of this 
new furnace for your work. Write or 
wire for catalog. 


COOLEY ELECTRIC MANUFACTURING CORPORATION 
30 SHELBY STREET + INDIANAPOLIS 7, INDIANA 
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Fritz V. Lenel @, professor of 
metallurgy at Rensselaer Polytechnic 
Institute, has been authorized by 
Wright Air Development Center, 
Wright-Patterson Air Force Base, 
Ohio, to continue through 1955 his 
program of aluminum powder metal 
lurgy research for the center. Dr 
Lenel’s investigation has been in pro 
cess since 1952 


Alfred L. Gostow @, plant man 
ager of the Dodge Forge plant, 
Chrysler Corp., Detroit, has been 
promoted to manager of methods 
Mr. Gostow joined Chrysler Corp 
in May 1942 as general superintend 
ent of the forging division of the 
Dodge Chicago plant He was trans 
ferred to Detroit in September 1945 
as assistant plant manager of the 
Dodge Forge plant, and in Novem 


ber 1950 was made plant manager 


Robert A. Willey @ joined th 
staff of the Steel Founders’ Society 
of America on March Ist as assistant 
technical and research director. He 
was formerly chief metallurgist for 
the Commercial Steel Casting Co 
Marion, Ohio. A member of the 
S.F.S.A. Technical Research Com 
mittee since 1950, Mr. Willey is also 
a director of the Acid Open He arth 
Research Association, and has served 
a two-year term as a member of the 
Papers and Program Committee of 
the American Foundrymen’s Society 
He is a graduate of Ohio Wesleyan 
University and also of Ohio State 
University. Prior to 1942, he was for 
eight years a teacher of mathematics, 
physics and chemistry 


E. P. Best ) has been appointed 
chief metallurgist at the Ambridge 
Pa., plant of A. M. Byers Co., filling 
the vacancy created by the retire 
ment of veteran chief metallurgist 
E. B. Story @. Mr. Best has held 
numerous posts in the A. M. Byers 
Co.'s operating department He 
served for a time as assistant to the 
general superintendent at the com 
pany’s old Girard, Ohio, plant, and 
in 1930 went to Ambridge as works 
metallurgist and was later named 
assistant chief metallurgist. E. K. 
Foss @ succeeds him as assistant 
chief metaliurgist. 


R. W. Burton @, former manage: 
of general services of the warehouse 
division, Jones & Laughlin Steel 
Corp., Pittsburgh, has been named 
assistant general manager of the 
same division 





teel Be opies 


Sarr, 2 


150,000 Screw Blanks per Dressing 


with This Cold-Heading Die Steel 


Shown here are 


representative header 
and gripper dies used in the manufacture 
of wood serews by Southern Serew Com 
pany, Statesville, N. C. Made of Beth 
lehem Cold-Heading Quality Carbon Tool 
Steel, the dies are hardened to Rockwell 
C 59/61. They are working tools of a 
cold-header, and form steel, brass or 
aluminum stock into serew blanks, turn 
ing out up to 150,000 blanks before 
redressing is required 

Southern Screw Company reports that 
they like this grade of Bethlehem Tool 
Steel because of its ease of machinability, 
uniformity of heat-treatment, minimum 
distortion in heat-treatment, good wear 
resistance, and good shock-resistance 

Bethlehem Cold-Heading Quality Car 
bon Tool Steel is a superior grade of tool 
steel, intended for specialized types of 
tools where cleanliness and hardenability 
are important 


TYPICAL ANALYSIS 
Carbon, 0.90 to 1.00 
Phosphorous, 0.020 max 
Sulphur, 0.020 max 


Bethlehem Cold-Heading Carbon Tool 
Steel has hich shock-resistance because 
it is accurately controlled for hardenabil 
ity. Its controlled carbon range results in 


good wear-resistance, and provides the 


toughness to withstand eold battering 
Ask your tool steel distributor to send 
Bethlehem Cold 


Heading Carbon Too] Steel. You're sure 


you a trial order of 


to he pleased with the way it performs 


DIE OF 67 CHISEL GIVES 
GOOD SERVICE IN MAKING 
PART FOR REFRIGERATOR 


This blanking, drawing and forming die, 
made of Bethlehem 67 Chisel Tool Steel 
and hardened to Rockwell © 52, is used 
in producing refrigerator unit end caps 
for a manufacturer of appliances, The 
caps are made from steel, %& im. thick, 
approximately 90,000 pieces being turned 
out before redressing is required. 67 
Chisel, our general-purpose, tungsten 
type of shock-resisting tool steel, is well 
known for its wear-resistance, and also 
for its low distortion in heat-treatment. 


= p 
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BETHLEHEM TOOL STEEL 
ENGINEER SAYS: 
Bake Tools 
After Plating 


Electroplating with chromium or nickel is 
often used to salvage tools by regaining 
worn dimensions, or to correct mechanical 
errors. It is also used for decorative pur 
POSER, and is sometimes advantageous for 
resisting wear or metal pickup 

Plating of hardened tools is relatively 
simple, Yet it ean be a hazardous opera 
tion if it is not followed by tempering or 
baking. During deposition of the plated 
metal, a considerable amount of hydrogen 
is deposited on the tool, and some of it 
diffuses into the tool, enusing extreme 
brittleness. If the tool is used immediately 
after plating, breakage in serviee may 
oceur. To avoid this possibility, temper 
the tool at from 300 to 400 F for at least 
four hours, so as to restore its original 
duetility This should be done as soon a 
possible after plating 

Grinding should never be attempted on 
the steel itself prior to tempering If tem 
pering is omitted, the tool will gradually 
recover its duetility at room temperature 
n from two to three weeks, but will be 


subject to breakage if used earlier 





Personals .. . 


William M. Payne @, formerly 
with Speer Carbon Co., St. Marys, 
Pa., as assistant manager, new prod- 
ucts division, and more recently with 
J. W. Danforth Co., Buffalo, N. Y., 
as project manager, has joined his 
brother in a consulting engineering 
firm in Birmingham, Ala., offering 
services in electrical, chemical, me- 
chanical and 
neering, 


metallurgical engi 


Myron E. Lunchick @ is now su- 
pervisor, structural evaluation sec- 
tion, David Taylor Model Basin, 
Washington, D. C. Dr. Lunchick was 
formerly senior stress analyst for Re- 
public Aviation Corp., Farmingdale, 
ee  F 


David L. Wheeler @ has resigned 
from Battelle Institute, 
Columbus, Ohio, and is employed as 
a metallurgist at the Newark, Ohio, 
works of Kaiser Aluminum & Chemi- 
cals Corp. 


Memorial 





property—it is important you 


; + eng pada right machine. For more 


and built the correct 
various 


years Steel City has designed 
machines for 


Steel City has qualified sales 
representatives in major metal- 
working areas for your con- 
venience. Write today for name 
of nearest representative 

and detail information on com- 
plete line. 


Tonsite 





881i Lyndcn Ave. Detroit 38, Mich. 
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Me 


Proving instruments 


Flex- Tester 








. and Special Testing Machines. 





Richard L. Jones @, who gradu- 
ated in January from the Missouri 
School of Mines and Metallurgy, is 
now employed by General Motors 
Corp. in their metallurgical research 
center in Detroit. 


Max C. Farmer @, formerly assist- 
ant chief of metals working division, 
aluminum research laboratories of 
Aluminum Co. of America, New 
Kensington, Pa., is now a staff metal- 
lurgist for the Materials Advisory 
Board, National Research Council, 
National Academy of 
Washington, D. C. 


Sciences, 


William H. Graves @ has been 
elected vice-president and director 
of engineering of the Studebaker- 
Packard Corp., Detroit, for both 
lines of cars. Mr. Graves joined 
Packard in 1919 as a research chem- 
ist, advancing through key engineer- 
ing assignments, and has headed 
engineering since 1950. 


Ralph J. Kotfila @, upon complet- 
ing his tour of active duty as chief 
of the titanium section, Wright Air 
Development Center, United States 
Air Force, has joined the sales de 
partment of Rem-Cru Titanium, Inc., 
Midland, Pa. A native of Chicago 
Major Kotfila received his bachelor 
of science degree from Purdue Uni 
versity, later attending the School of 
Commerce at Northwestern Univer- 
sity. Before being recalled to active 
duty in 1951, he was employed as a 
metallurgist for Motors 
Corp. at La Grange, Ill, and as 
plant metallurgist for Shakeproof, 
Inc., Elgin, Il. 


General 


Robert F. Koenig @ has been 
placed in charge of the materials 
application unit of the Submarine 
Advanced Reactor Project at Knolls 
Atomic Power Laboratory, Sche 
nectady, N. Y., which is operated 
for the U. S. Atomic Energy Com- 
mission by the General Electric Co. 
Prior to this, he was in charge of 
the metallurgical engineering unit 
for the Submarine Intermediate Re- 
actor Project, which is now in the 
advanced stages of construction 


C. P. Sander @, general superin 
tendent of the Consolidated Western 
Steel Div., U. S. Steel Corp., Vernon, 
Calif., has been appointed a member 
of the technical council of the Board 
of Directors of the American Weld- 
ing Society. He was elected a second 
vice-president of the Society in 1954. 








UAg dag dy tlm $1 


trowble-fruw Lubrication 


Die life extended 
with ‘dag’ dispersions 


Use ‘dag’ Colloidal Graphite when drawing fine wire through 
diamond dies: it is the only substance which will adhere to the 
heated wire and lubricate the dies. Not only does this dry /ubri 
cating film extend the life of the dies, but it produces wire of 
uniform diameter without the scoring and breakage frequently 
encountered with inferior lubricants 

Tungsten and molybdenum, notably difficult to work, are 
easily drawn through dies lubricated with a dilute mixture of 
‘Aquadag’* and sugar solution 

To lubricate dies used in forming steel wire, a dilution of 
‘Prodag’* and water is recommended. Users report more than 
2200 pass-pounds per gallon of mixture with no graphite visible 
on the finished wire. 

‘dag’ dispersions are also used profitably in forging, stamping, 
deep-drawing, piercing, casting, and stretch-forming. Write for 
our free booklet on ‘dag’ Colloidal Graphite for Metalworking 
Operations, Bulletin No. 426-V1 


Dispersions of molybdenum disulfide are available in various carriers. We are 
alse equipped te do custom dispersing of solids in a wide variety of carriers 


ACHESON COLLOIDS COMPANY 


PORT HURON, MICHIGAN 
+». @lse ACHESON COLLOIDS LIMITED, LONDON, ENGLAND 














Personals . . . 


Kenneth A. Burnett @ is now em 
ployed as process metallurgist in the 


extrusion aluminum 


department, 
division, Bridgeport 


Adrian, Mich. 


Brass Co.. 


R. G. Nelson @, formerly with the 
U.S. Bureau of Mines, Albany, Ore., 
is presently with the research depart 
ment of Universal-Cyclops Steel 
Corp., Bridgeville, Pa 


Joseph Finke @ has resigned from 
the reactor development division of 
the U 


sion to take a position as an associate 


S. Atomic Energy Commis- 


engineer with the atomic energy 
division of Kaiser Engineers, Oak- 


land, Calif. 


Louis Silverman @, formerly chief 
production engineer at the Chro 
matic TY 


Calif., is now senior engineer in the 


Laboratory, Emeryville, 


semi-conductor department of Ray 
theon Mfg. Co., Newton, Mass 





time marches on= 


--. ges, in hardness 
testing also... 


Once upon a time, somebody conceived the idea that 
hardness tests could be accelerated by basing the 
results on measurement of pepTH of indentations, 
through the use of mechanical depth indicators. In 
fact, saving of time was the soLe advantage which 


that method offered. 


TODAY, THAT ADVANTAGE OF THAT 


METHOD HAS DIS 


APPEARED. It now takes less time, using the REFLEX 
machines, with their CARL Zeiss optical projection 
system, to look at the greatly magnified image of the 
indentations (Brinell, Vickers, etc.) and to obtain a 
really valuable, informative hardness test. There is 
no initial load, no major load, no return to the 
initial load. All those delays are eliminated. 


Just one straight loading by pushbutton control 
and immediate indication of the test result, 


on one uniform scale of hardness, 
from very thin to heavy sections. 
soft or hard. And the optical sys 
tem used is, of course, far more 
accurate and constant than mechan- 
ical depth indicators. 


If interested in hardness tests of max 
imum accuracy and informative value, 
use the REFLEX system. 


Write for Bulletin No. A-14 


GRIES INDUSTRIES, INC. 


; y ye vy | 





A. B. Kinzel @, director of re- 
search, Union Carbide and Carbon 
Corp., New York, was awarded the 
James Turner Morehead Medal at 
the annual meeting of the Interna- 
tional Acetylene 
Kinzel was chosen as 


Association. Dr. 
Morehead 
Medalist for his “many sound and 
important advances contributed to 
science and technology” and for his 
“forthright courage in presenting new 
ideas, his facility in explaining them 
to technical and nontechnical people 
alike, and for his gracious willingness 
to share with all the fruits of his 
sound thinking, his fertile imagina- 
tion and his contagious enthusiasm”. 
A biographical appreciation of Dr. 
Kinzel appeared in Metal Progress in 
August 1953. 


George K. Lane @ has been ap 
pointed general manager of Ipsenlab, 
Rockford, Ill. 


Mr. Lane was formerly district rep 


Ipsen Industries, Inc. 


resentative for Ipsen in Cleveland 
and Pittsburgh territories. In addition 
to his managerial duties, he will con 
tinue to serve as a sales engineer for 
the Rockford territory 


A. E. Tarr @, formerly manager 
of the sales engineering division of 
Leeds & Northrup Co., Philadelphia, 
has been appointed assistant to the 
H. Raymond Abey @, 
who has been manager ot the eastern 
sales region for Leeds & Northrup, 
has been appointed manager of the 


president 


marketing services division 


Russell B. Barnett @ has been 
elected president of Peter A. Frasse 
and Co., Inc., New York. Mr. Barnett 
has been with Frasse since 1914 
He was appointed production man- 
ager at Hartford in 1917, sales man- 
ager in the same city in 1921, district 
manager at Buffalo in 1938, district 
manager in Philadelphia in 1942, and 
vice-president in charge of sales in 
1943. Other executive changes in the 
company named John D. Drummond 
@ as vice-president in Philadelphia 
and Bernard Dolan @ as assistant 
vice-president in charge of sales in 


New York 


Emest G. Thompson @ is em- 
ployed by Rensselaer Polytechnic 
Institute as part-time research as 
sistant while working toward a mas- 
ter’s degree in metallurgy. Mr. 
Thompson was previously employed 
by Hamilton Standard Div. of United 
Aircraft Corp., after graduating from 


R.P.1. in 1952. 


@ Only Truly Complete Line of Hardness Testing Equipment of Highest Quality 
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P| 
SPENCER 


HARTFORD 


The illustration shows Rockwell furnaces for 
fd carburizing, crucible melting, bright onneoling, 
casting annealing, aluminum annealing and coil 








wire annecling—oll equipped with Spencer 





Turbo-Compressors. 


are recommended by 


THE W. S. ROCKWELL CO. 


Since 1918, now more than a quarter of a Century, Rockwell has 
recommended Spencer Turbos in connection with their furnaces 


and ovens. A few recent installations are shown above 


Spencer Turbos have met the test of time—in years and in con 
tinuous service with a minimum of shut downs and maintenance 
costs. The simplicity of design with wide clearances, low peripheral 
speeds and only two bearings to lubricate is partly responsible 
Other features are described in Bulletin No. 126-A illustrated 
below. 


THE SPENCER TURBINE COMPANY 





HARTFORD 6 
CONNECTICUT man 


Manufacturers of Turbo-Compressors and Heavy Duty Vacuum Cleaners 
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. Personals . . . 
BURRELL "For Scientists Everywhere” 

Alex Sherman @ has been 
appointed manager of the newly or 
ganized electronics division of the 


LABORATORY FURNACES ities goede: of Go Taenbes 


Electric Co. of Warren, Mr. Sherman 
BURRELL DUAL-RANGE 


will direct production of electrical 
and electronic devices developed by 
Box and Muffle Type his former firm, which was recently 
purchased by Peerless Electric 
FOR HIGH TEMPERATURES 
m H. H. Hreher @, formerly man 
UP TO 2650’ F. ager of stainless and alloy sales for 
Model 30 (pictured) Automatic tem- Jos. T. Ryerson & Son, Inc., San 
perature control. From 600° F. to Francisco Bay Area Plant, is now 
2000° F., use for ashing, drawing, service metallurgist for the central 
igniting, tempering, etc. Above 2000° sales district, Columbia Geneva Steel 
Div. of United States Steel Corp., 


F., for sintering, melting, clinkering, . , 
San Francisco. 


fusing and high speed hardening. For 
use with 2430 volt, 50-60 cycle, single Charles E. Vest @ has resigned 
phase power supply; automatic con- from the U. S. Atomic Energy Com 
troller for 115 volt, 50-60 cycle, mission as a materials engineer, reac- 
single phase. tor materials branch, Augusta, Ga., 


to accept a position as aircraft re 





CAT. NO. ITEM PRICE ao a ed ’ 
o7-40e Sou Muffte Furnace, Medel 30— 190080 search engineer in the metallurgical 
(Heating chamber 7” wide « 614" deep « 4” high) department of Lockheed Aircraft 











Corp., Marietta, Ga. 
For other models—ask for Bulletin No. 315 


Richard Carlander @, who gradu 
ated from Purdue University with a 
BURRELL UNIT-PACKAGE B.S. degree in metallurgical engi 

neering last January, has accepted a 
Tube Fy rnaces position as junior metallurgist on the 
nuclear engine project at Pratt and 
MODEL H-1-9 (pictured) For high Whitney Aircraft Corp., East Hart 
temperature testing to 2650°F. For ford, Conn. 
the determination of carbon and sulfur 
by combustion in ferrous metals. Avail- Charles A. Mueller @ has been 
able for one, two and four tubes. For appointed chief engineer of Western 
use with 115 or 230 volt, 60 cycle, as Rock Bit Mfg. Co., Salt Lake City 
specified. Utah. His duties include the estab 


lishment of a division of the company 





CAT. NO. ITEM “ commercial heat — ee 
24-934 One Tube Furnace, Model H-1-9 y the previous > years, Mr. Mueller 
24-944 Twe Tube Furnace, Model H-2-9 ; served as engineer, metallurgist and 
24-954 Four Tube Furnace, Model H-4-9 , assistant director of 





research for 








‘ Lindberg Engineering Co., Chicago 
For other models—ask for Bulletin No. 310 


ee Clyde R. St. John @ has been 
EASY ACCESS PANELS - transferred from the Kaiser Alumi 
FOR EASE OF SERVICING y num & Chemical Corp.'s Newark 
Ohio, plant, where he held the job 
All current models of Burrell furnaces open ; f lucti steely om Gon 
from the front, for ease of inspection, parts ’ ee uM 
replacement and servicing when necessary. : company s Trentwood Works at Spo 
kane, Wash., where he will serve as 
Prices listed are F.O.8. Pittsburgh, Pa. administrative superintendent. 
Pieter Muije ©, formerly metal 
lurgist for United States Steel Corp., 


Salt Lake City, Utah, is now a re 
BURRELL CORPORATION search metallurgist for Kaiser Alumi 
Manufacturers and Distributors of 


SCIENTIFIC APPARATUS and LABORATORY CHEMICALS 
2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 
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num & Chemical Corp., Spokane, 
Wash 








call CRUCIBLE fora 


000 


full range of COLD ROLLED 
P specialty steels 


Look to Crucible for highest quality cold rolled specialty steels. 
You'll find a wide assortment of alloy strip and carbon spring 
steels... in many analyses, sizes, shapes and finishes. 

Crucible, the nation’s leading peare, tend of special purpose 
steels, controls steel production from ore to finished Lod eee 
And special Crucible-patented machines bring you cold rolled 
steels with finer finish . . . better edges . . . closer than standard 
tolerances. 

When you have a cold rolled specialty steel application, 
call Crucible in during the planning stage. Crucible engineers 
can help you develop the specification and knowing the 
end use for the steel, will prescription-make it to suit your 
needs —in coils or cut to your particular length requirements 
Crucible Steel Company of America, Henry W. Oliver Building, 
Pittsburgh 30, Pa 


CR U C | r LE} first name in special purpose steels 


Crucible Steel Company of America 
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PEE SS oe 


Un 





QUALITY CONTROLLED 


STEELS 


Carbon - Alloy - Leaded 


B Wckorr 


YCKOFF STEEL COMPANY 
Gateway Santen, Pinaiaweds 30, Pa. 


Branch Offices in Principal Cities 
Works: Ambridge, Pa. + Chicago, ill. - Newark, NJ. Putnam, Conn. 


lished Shafting 


e treated Steels 
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British Preferences 
for Metals in 
Refinery Equipment” 


actors leading to undue wea 

and tear on metals used in the 
construction of oil refinery plants 
and process equipment in Great 
Britain are given careful evaluation 
by metallurgists associated with these 
plants to insure safe and uninter- 
rupted operations, many of which 
are interconnected and therefore in 
terdependent. 

Greatest tonnage of metal is mild 
steel of the structural type. In its 
selection particular emphasis is 
placed on weldability and the avoid 
ance of brittle fractures in welded 
structures. Introduction of a steel 
specification clause guaranteeing a 
Charpy (Izod V-notch) impact 
value of 20 ft-lb. at a suitably low 
temperature, such as 32° F., has 
many advocates. 

In considering the suitability of 
commercial grades of carbon steel 
for use at temperatures down to 
—40° F. a series of temperature- 
impact curves was developed for the 
material in various conditions. These 
demonstrated that the transition 
temperature is appreciably affected 
by the treatment given the steel 
Hence, in application of the mate 
rials, precautions were taken that 
they were first normalized; welding 
was done with low-hydrogen elec- 
trodes, and a final stress relief was 
given after all bending and welding 
operations. 

Corrosion is a major metallurgical 
problem in refinery metals, both fer- 
rous and nonferrous It eCncompasses 
a wide variety of forms — electro- 
chemical, dezincification, hydrogen 
blistering, stress-corrosion and cor 
rosion fatigue. 

Principal factors determining the 
corrosivity of crude oil are its sulphur 
content and amount of entrained 
salt water. The salts, predominantly 
magnesium and calcium chlorides 
are converted in the crude oil heat- 
ers to hydrogen chloride. In cooler 
regions of the heater tubes and in 
connecting lines and condensers 


(Continued on p. 136) 


*Digest of “Metals in Oil Refin- 
ing,” by I. H. Thomas, Journal of 
the Birmingham Metallurgical So- 
ciety, Vol. 34, June 1954, p. 51-70 





Owned by Jessen Manufacturing Company, to 


day's most advanced automatic screw machine 


ties Service Cutting and Hydraulic Oil 


Weighing 39 tons and powered by a 60 H.P. motor, this 
6-inch, 6 spindle Acme Gridley Automatic Screw 
Machine is one of the only six now in existence and 
the only one owned by a job shop. Featuring a combina 
tion pneumatic-hydraulic operation, it can turn out a 
single load of stock weighing 3 tons! 

The owner is Jessen Manufacturing Company of 


Elkhart 


of new developments It’s not strange, therefore, that 


Indiana—since 1923 famous for keeping on top 
for this advanced new machine they chose a top quality 


a Cities Service cutting fluid 


coolant 


Says President | H Jessen 


the Cities Service cutting oil we use today is one of the 


We're happy to say that 


finest all-around cutting oils we have ever used. In years 
past, we felt that if a cutting oil was good, it had to be 
black 


our minds with a cutting oil that has outstanding cooling 


heavy, and odorous. Cities Service has changed 
and yet 
light clear color and has no neticeable odor 
Oil 
and Amplex Lubricating Oil are 
We 


abilities, good chip drain-off, is anti-weld 
Ppossesse Ss 
Pacemaker used in 


In addition, Cities Service 


hydraulic systems 
doing an outstanding job throughout our shop 
proudly recommend all these Cities Service Oils 
For more information on the complete line of Cities 
Service cutting fluids, call in a Cities Service Lubrication 
Engineer. Or write Sixty 


Wall lower 


Cities Service Oil ¢ Om pany 
New York 5. N. ) 





Light, Clear Coolent in Aci 
Gridley Automatic is 
Service cutting oil 


Cities 
“Out 
anti-weld 
and chip drain-off ability,” 
says Jessen. Firm also praises 
Pacemaker Oils, used in their 
hydraulic operations 


standing cooling 








Jessen Mig. Company .,inc. \I! 
Jac ob Je ssen, Pres., in busines 
since 1923, has earned repu 
tation of keeping on top ot 
1935 
he was one of the first to instal! 
6 spindle 


new developments, In 


anti-friction bear 


ing screw machine 





J 





CITIES ) SERVICE 


QUALITY PETROLEUM P 


RooUCcTS 
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Supplier 


of Vacuum Melted Alloys 
to the Aircraft Industry 


Wim the output of a second 1000-pound fur- 


nace—in addition to other smaller furnaces— 


UTICA 
Vacuum Melting 
Assures: 


Metals of very high cleanliness 
with virtual elimination of inclu- 
sions and contaminants. 
Maximum uniformity of chemical 
composition from melt to melt. 
Greatly improved physical proper- 
ties to withstand extreme stresses, 
——, oo pee 
igh tempera- 
tures. 


For the full 
story of Urica 
Metals Division 
vacuum melt- 
ing, send jor 
this brochure. 
cal problems. 








Offer of our facilities is 
subject to priority of 
national defense orders. 


the Metals Division at Utica has become one of 
the largest producers of vacuum melted alloys. 


Experience gained in literally hundreds of 
melts has led to regular and consistent volume 
production with the most rigid control of the 
properties of the alloys, 


In addition, Urica, alone, offers not only static 
but centrifugal castings as well. The latter 
often permit significant reduction in costs. 


The Metals Division at Urica invites inquiries 
from prospective customers. Through refine- 
ments in technique, costs are constantly being 
reduced—and the Division is glad to work 
closely in resolving the customer’s metallurgi- 


S@OoD> ALLOYS 


UTICA DROP FORGE AND TOOL CORP., UTICA, N. Y. 
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Refinery Metals . . . 


where water is present, the resulting 
hydrochloric acid leads to serious 
corrosion of the electrochemical 
type. It can be controlled to a large 
degree by neutralization, carried out 
in two stages. In the first, a solution 
of caustic soda is introduced into 
the crude ahead of the heater, and 
in the second an ammonia solution 
is fed into the stream as it leaves the 
top of the heater column. Close con- 
trol is maintained by means of pH 
recorders, with a pH range of 6 to 8 
being held. 

Sulphur in crude oil is converted 
to H.S, which attacks steel fairly 
rapidly at high temperatures. In ad- 
dition, H,S aggravates the aqueous 
corrosion by HC1 in cooler sections. 
High-temperature attack can be 
overcome by the use of alloy steels 
such as 2.25% Cr, 1% Mo and 4 to 6% 
Cr, 0.5% Mo. 

Many corrosion problems are most 
closely associated with chemical 
plants operated by refineries for the 
manufacture of industrial solvents 
and other organic chemicals from 
petroleum. Most of the chemical re 
actions in this area derive from the 
use of sulphuric acid at a concentra- 
tion of 65 to 85% and over a con 
siderable range of temperature. 

To a considerable degree mild 
steel and lead are specified as com- 
plementary materials in acid service 
the former being suitable for cold 
acid of high concentration, while 
lead and lead membrane plus brick 
lining take over at lower concentra- 
tions and higher 
Where, for reasons of extremely high 
temperature or for mechanical de- 
mands, they are unsuitable, special 
materials are employed, including 
glass linings, synthetic rubbers, plas- 
tics, silicon iron, nickel-base alloys, 
copper and its alloys, stainless steel 
and tantalum. 

Dezincification is a refinery prob- 
lem principally associated with con- 
denser service. Since most plants use 
sea water for cooling, it is the gen- 
eral practice to specify brass for 
condenser tubes and sheets. Two 
varieties are favored — aluminum 
brass of 76% Cu, 22% Zn, 2% Al com- 
position, or Admiralty brass of 70% 
Cu, 29% Zn, 1% Sn analysis. Both are 
inhibited against dezincification by 
addition of 0.02 to 0.06% As. 

(Continued on p. 138) 
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FOUR 

REALLY TOUGH 
MUELLER BRASS CO. 
REFRACTORY 
BRONZE ALLOYS 

IN ROD FORM 


“TUF-STUF” ALUMINUM BRONZE 
600” SERIES BEARING BRONZE 
MANGANESE BRONZE 
ALUMINUM SILICON BRONZE 


These four Mueller Brass Co. alloys have been specifically formulated to 
meet the demands of applications where manufactured parts must 
stand up under the most adverse operating conditions. While 

these alloys are tough, they are relatively easy to machine. Parts made 
from these alloys are in dependable daily service and range from marine 
hardware to valve guides in aircraft engines. As specialists in brass 

ond bronze alloys, the Mueller Brass Co. can offer you the exact 

alloy best suited to meet the requirements of any application 

problem. Write us today for details. 


higher then 224-£. 
ond corrosion resistant. - 


High torque Tough crew 
ching part and torgngs = stems, 


78,000 
002 74,000 150 


802 90,000 5 75 65 


MUELLER BRASS co. PORT HURON 20, MICHIGAN 
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FABRICATED ALLOYS 


FEATURES OF THE 
ROLOCK 


NEU-POT 


WROUGHT ALLOY, strong, dense 
uniform . Gives thinner sections 
more rapid heat transfer, less hot 


spots, faster heat recovery 


ALLOY WELDS X-ray inspected 
free from siag, air pockets, cracks 
No premature failures due to these 


causes 
ae 


HEADS of fabricated pots stocked 
in standard diameter wide 
range of depths quickly made with 


ovt special patterns, tools 


HERE’S TERRIFIC SERVICE... 
8000 Hours .. SO FAR . . with Neutral Salts! 


Yes that's really phenomenal cost saving but Rolock 
customers expect and get more than normal use from our 
fabricated-welded heat treating equipment 


In this instance, it's a fabricated Inconel pet Y,” plate 

which withstands a 1550° F. operating temperature for 16 
hours per day stands idle for 8 hours .. . then over Sunday 
at about 1300° F. So far its life totals 18 months. This is 
probably a record, but many other Rolock neutral salt pots have 
served for 12, 14, 15 and 16 months up to 5000 hours 
Naturally, higher temperatures reduce service life 


If you require neutral salt pots of this type (any size), you 
will want specifications and quotations that will clearly show 
cost-cutting. Write for complete details of this up - to - the 
minute equipment or any other type of fabricated heat 
and corrosion resistant alloys 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 


ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN 


ee JOB-ENGINEERED for better work] 


Easier Operation, Lower Cost 


METAL PROGRESS; PAGE 138 





Refinery Metals . . . 


Hydrogen blistering of steel at 
temperatures low enough for a free 
water phase to be present is a corro 
sion effect frequently encountered 
Its cause is the presence of con 
taminants in the aqueous phase 
such as hydrogen sulphide acids 
cyanides and ammonia. The hydro 
gen of the corrosion reaction pene 
trates into the steel, building up in 
ternal pressure leading to blistering 
fissuring and embrittlement. Blisters 
may vary from microscopic to large 
swellings several feet in diameter 

Mechanism of the attack hinges 
on the fact that atomic hydrogen of 
the corrosive action diffuses readily 
through the steel and, at focal points 
such as discontinuties, it forms mole 
cular hydrogen which cannot diffuse 
outward. Blisters have been known 
to form on the wall of a vessel, for 
example, in which the pressure is 
little more than atmospheric, but th: 
internal pressure in the blister is 
sufficient to tear the steel apart 

Corrective methods are still under 
study. One which has been helpful 
thus far is to wash the active stream 
with large volumes of water to dilute 
and remove impurities responsible 
for the initial corrosion 

Season cracking of condense: 
tubes is a form of stress-corrosion 
resulting from the combination of 
residual stresses from cold drawing 
the brass and the presence of am 
monia and nitrogen-bearing con 
taminants in the water. It usually 
can be avoided by a final anneal of 
the brass tube in its manufacture 
Another form of  stress-corrosion 
caustic cracking of welded steel 
equipment handling caustic soda 
can be minimized by a stress relief 
after welding. 

One item of refinery equipment 
most susceptible to creep failures is 
the heater tube. Carbon steels usu 
ally are specified for temperatures 
up to 842° F., while at higher tem 
peratures the 2%% Cr-Mo and 4 to 6% 
Cr-Mo types are brought into service 
Where demands are severe, chromi 
um-nickel steels of the 18-8 and 25 
20 analysis are favored. Internal 
coke deposits on the tubes are un 
desirable and can be particularly 
troublesome in high-temperature 
heaters because steels which may be 
operating at conditions already ap 

Continued on p. 140 





The use of a Baker & Adamson Tin Fluoborate bath in 
electro-tinning copper wire results in a uniform, easily- 
controlled tin coating. Tin consumption is reduced 
more than two-thirds as compared with hot-dipped 
coatings. 


Moreover, copper wire with a fluoborate-plated tin 
coating of 100 millionths of an inch may be readily 
drawn through dies for burnishing or for reduction in 
gage. For example, a plated No. 20 wire can be reduced 
to a No. 34 wire—a type of processing impractical with 
hot-dipped wire because of the structure of the coating 
and its non-uniformity. 


The electroplated wire comes from the fluoborate bath 
with a fine grain coating that has a white matte color, 
excellent solderability, and good shelf life. The fluo- 
borate bath has no fumes, requires no ventilation, and 
operation is fast and simple 

compared with alkaline baths. 

For full information, write for 

Baker & Adamson Technical 

Bulletin TC-43441,or call your 

nearest B&A office. No royal- 

ties need be paid to use this 

process! 


FINE CHEMICALS 


BAKER & ADAMSON Zac Genital 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, HM. Y. 


— 


a 


‘lesieiienteeetentententen 


a 
Ve 





For Your Plating File! 











10 Basic Advantages of Ba A 
Fluoborate Baths 


/ No mixing or dissolving needed—supplied in 


concentrated form 

Easier bath preparation 

Stability of bath composition 

Ease of control 

Practically 100% anode and cathode efficiencies 
High conductivity 

Good covering power 

Fine-grained deposits of good color 


SBS ®™N AH A W & 


Fast, high-speed operation 
/O Readily adaptable for lead-tin alloy deposits 


As with Tin Fluoborote in the electro-tinning operation described, 
other B&A Metal Fiuoborates offer additional special advantages in 
particular operations. Profit by using them! 


alanlanieiesienteatentaietestetentedenteatetetenten 


BAKER & ADAMSON PRODUCTS 
GENERAL CHEMICAL DIVISION 

Allied Chemical & Dye Corporation 

40 Rector Street, New York 6, HM. Y. 


Free! Data sheets giving full information on lead and tin 
fluoborates plus Bulletin TC-43441 on electro-tinning of 
copper wire. Write today! 


= 


Company —_—w 
Address —. 


City 
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‘Whati going on in 
NON-FERROUS METALS 


.+- Stopping ship corrosion 


~+- Gluminum ratchet 


to tighten ridge rope on trailer trucks. 
This eliminates the cumbersome and 
heavy iron ridge pole, a long-standing 
trucker’s headache. Weighs less than 
seven pounds. Cast of Tenzaloy, a Fed- 
erated -developed high-strength alumi- 
num alloy, by Littlestown Hardware and 
Foundry Co. for East Akron Ratchet and 
Mfg. Co. Tenzaloy bulletin on request. 


with Federated magnesium 
anodes. When designed and 
installed correctly, the low- 
cost anodes corrode and the 
high-cost ship does not. Saves 
thousands of tons of steel an- 
nually. Federated Metals has 
a Corrosion Advisory Service 
which works to help the mo- 
rine, petroleum, natural gas 
and other industries. Litera- 
ture available. 


... better type metals 
for printing newspapers, 
magazines and for other graphic 
arts needs. Federated has developed 
CASTOMATIC® monotype, linotype, 
and stereotype metals, which are 
machine-cast for unmatched purity 
and better printing results. Many 
other products for the graphic arts 
industry, too. Literature available. 


Federated metallurgists, field service engineers, and research technicians can 


give you helpful counsel on every use of non-ferrous metals. They have earned for 
Federated the title of “Headquarters for Non-ferrous Metals.” 


Sadevidi Mélile 


DIVISION OF AMERICAN SMELTING AND REFINING COMPANY 
120 BROADWAY, NEW YORK 5, WN. Y. 

IN CANADA; FEDERATED METALS CANADA, LTD., TORONTO AND MONTREAL 

ALUMINUM, MAGNESIUM, BABBITTS, BRASS, BRONZE, ANODES, ZINC DUST, 

DIE CASTING METALS, LEAD AND LEAD PRODUCTS, SOLDERS, TYPE METALS 
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proaching the stress-rupture limit 
may exceed the limiting temperature 
as the result of the insulating proper- 
ties of the coke. This leads to gradual 
bulging of the tube, and eventually 
to rupture. Steels of the austenitic 
type are selected with due regard 
to intergranular carbide precipita- 
tion and sigma phase formation. 

A. H. ALLEN 


Symposium on 


Stress-Corrosion 
Part Il 
By W. D. Robertson* 


HE FINAL session began with 

“Occlusion of Hydrogen in Iron 
and Its Alloys”, by W. R. Heller of 
the Shell Development Co., in which 
the general problem of hydrogen in 
metals and its relation to embrittle- 
ment phenomena was considered. 
The published experimental work 
dealing with the occlusion and diffu 
sion of hydrogen in iron, nickel, and 
its alloys was reviewed. It was em- 
phasized that above 400° C. (750° 
F.), the solution and diffusion of 
hydrogen seem to obey simple laws; 
below this temperature deviations 
appear that are associated with de 
lays in reaching equilibrium, with 
increased and sometimes exothermic 
occlusion, and with decreased dif 
fusion. The separate theories which 
have long been known to describe 
volumes and surface sorption of 
hydrogen were outlined and com 
bined to show that occluded hydro- 
gen preferentially finds its way to 
internal surfaces that operate as 
fracture nuclei. 

Continuing on the problem of 
hydrogen embrittlement, W. M 
Baldwin, Case Institute of Tech- 
nology, presented a summary (“Hy- 
drogen Embrittlement”) of his re- 
cent work on the effect of tempera- 
ture and strain rate on the ductil- 
ity of steel containing hydrogen, 

(Continued on p. 142) 


*A report of “Symposium on 
Stress-Corrosion Phenomena” held 
during the 106th Meeting of the 
Electrochemical Society, Oct. 3-7, 
1954 at Beston, Mass. The first part 
of this report was published in the 
April issue, p. 140. Professor Rob- 
ertson is in the department of metal- 
lurgy at Yale University. 
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What’s your shape? 


Jel’s EXTRUDED SECTIONS WES 


Now your complex sections can be custom-made at 
(Hot Extruded and Cold Drawn) J&L’s new Hot Extrusion Plant. On J&L’'s new 
equipment, they can be preformed to the pre- 
dominating cross section of the part you wish 


can be custom-made to produce 


The range of sections that can be custom-made 
for you is almost unlimited. Quantities are ex- 


quickly and economically tremely flexible. Production of single extrusions, 


where necessary, can be arranged. 


In addition, J&L’s Extruded Sections possess the 
physical benefits and accurate tolerances derived 


/ from cold drawing. And, you can obtain them in 

J & L EXTRU 9) 48) a a wide range of analyses. 
Send your inquiry today! 

| SECTIONS J 


help speed production CTFE Sones ¢ Laughlin 


ayeltla over-all costs STEEL CORPORATION — Pittsburgh 


With J&L's Extruded Sections USE THIS HANDY COUPON 


you can: Jones & Laughlin Stee! Corporation 


3 Gateway Center, Dept. 405, Pittsburgh 30, Pa. 


1. Eliminate time and costs in machining operations. 
| om interested in knowing what your Extruded Sections can do for me 


2. Eliminate time and costs in finishing operations. 
3. Reduce scrap losses practically to the zero point. 
4. Eliminate the cost of castings and forgings _ 
of intricate sections requiring considerable machining. 


COMPANY 
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Wilson Rockwell” 





A FULL LINE 


to meet every 
hardness testing 


requirement 


e@ Hardness testing standards of the metal industry have 
been set and maintained by w1Lson “Rockwell”’ Hardness 
Testers since 1921. In steel mills, non-ferrous mills and 
metal fabricating plants everywhere, WILSON “Rockwell’”’ 
standards have been the mark of perfection for a generation. 
What is your testing problem? Whether your material 
is hardened steel, sheet metal, small parts, tools, rounds, 
tubes, soft metals or plastic materials—all are tested 
quickly and accurately by one of the many WILSON models. 
WILSON “Rockwell” precision has made them the 
standard by which all other hardness testers are compared. 
The WILson full line makes it unnecessary to compromise 
with less than the tester most 

suited to your requirement. 


Let a WILSON expert discuss 
your hardness testing problem. 


There is no obligation. 
* Trade Mark Registered 


€O Wilson Mechanical Instrument Division 
AMERICAN CHAIN & CABLE 





200-F Park Avenue, New York 17, N. Y. 
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Stress-Corrosion . . . 


charged from sulphuric acid. The 
numerous variables associated with 
embrittlement were systematically 
separated into their time and 
temperature-dependent components 
Professor Baldwin also presented the 
results of very recent work on the 
effect of surface layers charged with 
hydrogen and demonstrated how the 
entire specimen appears to be em 
brittled when the surface alone is 
saturated with hydrogen; embrittle- 
ment disappears when the charged 
surface is machined away. It appears 
that a very thin layer, about 10~* in 
is sufficient to cause brittle fracture 
in a large tensile specimen. The sig 
nificance of surface cracks appears 
as an important part of fracture in 
otherwise ductile metals 

Prof. R. N. Parkins of the Univer 
sity of Durham, England, in his 
paper “Caustic and Nitrate Cracking 
of Steel”, emphasized the distinction 
between intercrystalline and trans 
crystalline cracking. He pointed out 
that conditions at the grain bound 
aries are inherently dependent on 
the type of system, the presence of 
precipitates and impurities. Trans 
granular cracks, on the other hand 
are not so obviously dependent on 
heat treatment and composition 
The reasons for the anodic character 
of the grain boundary and the spe 
cific character of the medium caus 
ing intergranular cracking in nitrate 
solutions were presented in terms of 
metallurgical variables of boundary 
structure, composition and heat 
treatment, carbide distribution and 
cold work. It was concluded that an 
intercrystalline crack can continue 
to advance by the simultaneous ac 
tion of corrosion and mechanical 
tearing over distances of a few atom 
spacings so that islands of misfit in 
the boundaries, considered as micro 
cracks, become joined as a single 
macrocrack. 

U. R. Evans of Cambridge Uni 
versity, England, contributed a pa 
per on the mechanism of chemical 
cracking in which he emphasized 
the high speed of crack propagation 
that makes it difficult to visualize 
the mechanism as one of removal of 
material by electrochemical action, 
current densities would have to be 
improbably high. Dr. Evans also 
observed that hydrogen may play a 


(Continued on p. 144) 





Armour Ammonia helps make MICRO SWITCH 


the leader in the precision switch field ! 


Carbonitriding with Armour ammonia holds the precision parts to 


watchmaker’s tolerances — assures long life, high capacity and accurate repeatability 


“In the manufacture of MICRO SWITCH snap-action 
switches the keynote ts precision. Each and every part of 
the more than 8000 different switches must be held to 
extremely close tolerances in each step of its production 
In our heat treating operations, Armour ammonia is used 
as the carbonitriding atmosphere and allows the clean 
non-decarburizing hardening of switch parts. As a result, 
each part can be finished to final tolerance before heat 
treating with only a polishing operation necessary after 
ward 

In addition, clean, non-decarburizing heat treating 
with Armour ammonia, done in our own plant, allows 
much shorter production schedules effecting a saving of 
both time and money in the fabricating process 


Lloyd Froning, Tool Room Supervisor 
Micro Switch Division of 
Minneapolts-Honeywell Regulator Co 


Let Armour help solve your metal treating problems 


When they specify Armour, manufacturers get more than 
ammonia. Armour has sponsored a fellowship at a leading 
technological university for the study of metal treating 
processes using ammonia. The results of this research are 
available to you. Furthermore, the men of the Armour 
Technical Service Department are equipped to handle 
and answer any problems arising with ammonia installa 
tions for metal treating. Write today for free copies of 
the booklets offered at right. If your problems arc 
unusual of pressing, write, giving full details 


Save money on our tank 


truck delivery service! 


CLIP AND MAIL THIS TODAY! 


Please send me free copies of the booklets 
which | have checked 


| ] “Ammonia Cylinder installations for Metal 


Treating” 


Effective Use of Dissociated Ammonia 


J 
] “Case Hardening of Stee! by Nitriding 
’ 
J 


A Survey of Industrial Carbonitriding 
Practice” 


] “lovestigation into the Carbonitriding of Ploin 
Carbon Steel” 


] “The Carbonitriding of Alloy Steels 


["] Tank truck service information 


Name 
Firm 
Address 


City Zone State 


ARMOUR 
Armour and Company @ 1355 W. 31st Street 


Chicago 9, 
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cust one ne fs097 
\" SPEC AULT Let 77% 
TARE 26 MET O24 


You can't beat 


Cannon-Mu skegon 
MastzrMer dlloy service 


.-- for fast delivery of standard or custom 
certified” alloys for remelt or reprocessing! 


ANNON-MUSKEGON regularly produces a wide range of 

certified alloys to maintain one of industry’s finest stocking 
programs. Immediately available are stainless steels in the 300 
and 400 series plus certain carbon steels. 


Service on ‘‘special’’ alloys is remarkable too! 


Preparation is begun 


immediately after your specifications are 


received. You get exactly predictable physical, chemical and 
electrical properties to your specific requirements, And, depending 
upon the form you order, alloys can be cast, forged, extruded 
and machined. Furnished regularly to investment casting found- 
ries and other users are alloy tool steels, ferritic and austenitic 
stainless, alloys of cobalt and nickel-base, plus aeronautical-types 
for extreme high temperature applications. 


*Connon-Muskegon 
furnishes notarized 
certificates of analysis 
te meet prescribed 
metal specifications, 
For mere information 
about this, and com- 
plete technical service, 
write for New Master- 
Met Bulletin. 


MasterMet alloys are avoil- 
able in ingot, shot, billet or 
short (6” dia.) cast bar forms 
and are normally shipped in 
drums. Specifications, weight, 
lot and customer's order num- 
ber ore clearly imprinted on 
container, making selection 
and storage a simple matter. 


Cannon-Muskegon 


CORPORATION 
2879 Lincoln Street 
MUSKEGON, MICHIGAN 


METALLURGICAL SPECIALISTS 
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Stress-Corrosion 


significant role in corrosion crack 
ing, particularly if hydrogen diffuses 
in and subsequently fills possible 
microcracks in grain boundaries 
thus contributing to the total stress 
initiating fracture 

A report on “Laboratory Investi 
gation Techniques Relating to Stress- 
Corrosion Cracking”, by H. R. Cop 
son of the International Nickel Co 
was a critical review of the problem 
of laboratory evaluation of stress 
cracking phenomena. Dr. Copson 
classified the various types of failure 
occurring in service and described 
the problem of evaluating acceler 
ated laboratory tests, including thei: 
correlation with service experience 
and the possibility of predic ting the 
behavior of new alloys or the sus 
ceptibility of old alloys in new en- 
vironments 

Summary — The explanation of 
stress cracking phenomena that 
emerged from this group of papers 
and subsequent discussion was cer 
tainly one of considerable complex 
ity; however, it was also apparent 
that progress has been made in the 
past ten years toward a separation of 
the various factors. Intensive study 
of these individual components of 
the problem in terms of chemistry, 
structure and mechanics is in prog 
ress and, while no single mechanism 
is likely to be adequate for all as 
pects of the problem, it seems appar 
ent that a limited number of basi 
principles are emerging on which at 
least approximate predictions of 
susceptibility may be based 

Of the many ideas and new ex- 
periments that were presented in 
this symposium, perhaps the two 
most significant developments were 
(a) that we now have a more 
comprehensive understanding of the 
structure-sensitive character of cor- 
rosion in homogeneous alloys, and 
(b) that everyone strongly empha 
sized the significance of mechanical 
cracking, triggered at a corrosion 
site or a fracture nucleus associated 
with hydrogen. 

In view of the interest in this sub 
ject, it is anticipated that the papers 
and discussion, together with a few 
papers already published that are 
necessary for a comprehensive treat 
ment, will be assembled into a 
monograph and published at the 
earliest possible date. rs] 











there’s a Pangborn machine 


Barrels (1&2), Tables (3&4), Table Rooms (5), Rooms (6), and Special 
Machines (7)—Pangborn maintains leadership in the blast cleaning field 
with a complete line of blast cleaning equipment! Whatever you clean, 
there's a Pangborn machine for you. Whatever machine you need, you 
can be sure of faster, better, cheaper cleaning. That's because Pangborn 
Rotoblast throws more abrasive over a larger area quickly—giving you a 
thorough cleaning job in less time at less cost! See for yourself how 
Pangborn Rotoblast can save you money! Write for Bulletin 227 to: 
PANGBORN CORP., 1800 Pangborn Bivd., Hagerstown, Md. Manus- 
facturers of Blast Cleaning and Dust Control Equipment. 


"VU. 5. Potent #2164926 (other patents pending) 


Pangqborn 


BLAST CLEANS CHEAPER 


fe & i 


Rotoblast Biastmester®  Rotoblost Tables  Speciol Bias! Room: 
& Continvove-Flo Berrel & Teble-Room & Cobmets Control Equipment Shot & Grit 











Here’s the 
Case for 
Carbonitriding 


BARRETT 


BRAND 


Anhydrous Ammonia 


Call it “gas cyaniding,” “dry cyaniding” or 
“ni-carbing,” you get a low-cost substitute for liquid 
cyaniding when you use Barrett Brand Anhydrous 
Ammonia. 


With Barrett Anhydrous Ammonia you can expect 
cases that will far outlast the best carburized or 
cyanided cases... and at lower cost too. Some costs 
may actually be only one-fourth as much when you 
use Anhydrous Ammonia 


Because carbonitriding uses Ammonia as gas, you 
need Barrett Brand Anhydrous Ammonia. Barrett 
Ammonia is dry—free of moisture. Barrett Ammonia 
is pure — guaranteed 99.95%, pure Ammonia. And 
Barrett Ammonia is easily available—49 stock 
points from coast to coast 


Your nearest Barrett Brand Anhydrous Ammonia 
distributor can supply you immediately with 150, 
100 or 50-lb. cylinders. He will also arrange for de- 
livery in tank-truck or tank-car quantities. Call him 
today! 





First in Ammonia Since 1890 


NITROGEN DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
Hopewell, Va. * Ironton, Obie * Orange, Tex. * Omaha, Neb. 


Anhydrous Ammonia * Ammonia Liquor * Ammonium Sulfate * Methanol 
Sodium Nitrate * Ethanolamines + Ethylene Oxide + Ethylene Glycols 
Urea * Formaldehyde + Nitrogen Tetroxide ¢* U.F. Concentrate-85 
*Look for the green cap! Nitrogen Solutions « Fertilizers & Feed Supplements 
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High Temperatures 
Reveal Structure 
of Grains* 


LTHOUGH investigations using X 
rays have shown that the individ 
ual grains of a metal are composed 
of small crystalline blocks, up to now 
microstructural studies have not re 
vealed their size and form. To ob 
tain micrographic evidence of this 
block structure, the authors used the 
method of heating in vacuum at 
high temperatures rather than the 
usual room-temperature  metallo 
graphic techniques 

The specimens used were 60 x 10 
x3 mm. (24x04x0.08 in.) and 
were heated by a 50-cycle alternat 
ing current. One face of the speci 
men was given a metallographic 
polish, and the heating was done in 
a vacuum of 10° to 10° mm. of mer 
cury to prevent oxidation. Up to 
1400° C. (2550° F.) the tempera 
ture was measured with a thermo 
couple, but temperatures up to 2000° 
C. (3600° F.) and higher were esti 
mated from the electrical resistivity 
of the specimen. 

In addition to the well-known ef- 
fect of vacuum heating in revealing 
grain boundaries, it was observed 
that when pure metals were heated 
to 75 or 80% of their melting tem 
peratures a pattern of striations ap 
peared within the grains, suggesting 
that grains are composed of flat 
blocks about 100 to 1000 lattice dis 
tances in thickness. In a specimen of 
pure molybdenum the striated struc 
ture appeared after a 20-min. treat 
ment at 1450° C. (2640° F.), and in 
pure tungsten it appeared after a 
15-min. treatment at 2000° C 
(3600° F.). It is notable that the 
striations bent at the grain bound 
ary as though the boundary had a 
different strength than the grain 
proper. 

Since the molybdenum and tung 
sten were of high purity, it was de- 
cided to investigate the behavior of 
a solid-solution alloy, and a 0.45% 
carbon steel was chosen for this pur 
pose. Heating for 11 hr. at 1100° C 
(2000° F.) again revealed a block 

(Continued on p. 148 


*Digest of “Structure of Metal 
Grains at High Temperature”, by | 
A. Oding and M. G. Lozinskii, Dok- 
lady Academii Nauk SSSR, Vol. 86, 
1952, p. 707-709. 





PRODUCT: 
Brazed joints on aircraft 
engine intake lines 


MATERIAL: 

Stainiess Steel 

O80 Tubing, 2.57 in. 
diameter, flange .120 


EQUIPMENT: 
250 k. v. X-ray Machine 


What's the right X-ray film? 














Heat and vibration give a tough time to the 
brazed joints on intake lines of aircraft engines. 
So for the safety of airmen and planes, each 


joint is radiographed. 


For the x-ray job, the radiographer uses 


Kodak Industrial X-ray Film, Type M 


200 k.v. for 1 min. at 60 in., a filter cassette 
and Kodak Industrial X-ray Film, Type M. 

This type film provides the best character- 
istics to meet this particular combination of 
radiographic factors. 


RADIOGRAPHY... 


another important example of 
photography at work 


THERE'S A RIGHT FILM FOR EVERY FPROGLEM 


Whatever your radiographic problem, you'll find the best 
means of solving it in one of Kodak’s four types of industrial 
x-ray film. This choice provides the means to check castings 
and welds efficiently, offers optimum results with varying alloys, 
thicknesses and radiographic sources 


Type M—provides maximum radiographic sensitivity with direct 
exposure or lead-foil screens. It has extra-fine grain and, though speed 
is less than Type A, it is adequate for light alloys at average kilovolt 
ages and for much million- and multi-million-volt work 

Type A—has high contrast and fine graininess with adequate speed 
for study of light alloys at low voltage —heavy parts at intermediate 
and high voltages. Used direct or with lead-foil screens 

Type F—provides the highest available speed and contrast when 
exposed with calcium tungstate intensifying screens. Has wide latitude 


with either x-rays or gamma rays when exposed directly or with 
lead screens 


Type K—has medium contrast with high speed. Designed for gamma 


ray and x-ray work where highest possible speed is needed at available 
kilovoltage without use of calcium tungstate screens 


RADIOGRAPHY IN 
MODERN INDUSTRY 


A wealth of invaluable data 


RADIOGRIPRY 


on radiographic principles, 
i opens tnorerey 


practice, and technics 

Profusely illustrated with 
photographs, colorful drawings, 
diagrams, and charts, Get a 
copy from your local x-ray 
dealer —price, $3 


EASTMAN KODAK COMPANY 
X-ray Division 
Rochester 4, N.Y. 
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Grain Structure . . . 


Take surface temperatures 


structure, although somewhat differ 


ent in appearance than that of molyb 


quickly, accurately eee denum and tungsten. This difference 
was attributed to the different crystal 
with the 


structure of austenite and to its 


chemical inhomogeneity. 


Staining of Alclad 
Sheets Treated in 
Salt Baths” 


Yess ARANCE of gray stains on cold 


rolled sheets of clad aluminum 
alloy is a phenomenon associated 
with their heat treatment in molten 
sodium nitrate at about 900° F., a 
heat treating bath favored in Great 
Britain because of the short time 
cycle involved. Such staining occurs 
only occasionally, usually when a 
salt bath becomes slightly alkaline 
however, the stain is often the cause 
for rejecting treated material 
Specifically stains have been ob 
served when the free alkali content 
of the salt exceeds 0.03% by weight 
expressed as Na,O. ¢ ombined alkali 
in the form of carbonate is not a 
factor in staining. Examples of analy 
ses of two baths, on produc ing 
stains and the other not, are 
The handy Alnor Pyrocon is un- 
equaled for quick, accurate read- 
ing of all surface temperatures 
. » « whether they are metallic 
or non-metallic, flat or curved, 
stationary or revolving. Accu- 
rate temperatures are easily un- 
derstood on the Pyrocon's direct 
reading scale face . . . without 
interpolation or need of con- 
version tables. A wide selec- 
tion of thermocouples and ex- 
tension arms permits adapte- 
tion to many types of service. 
For complete details and prices, 
send for Bulletin No. 4257. Ihi- of a sheet where the salt is momen 
nois Testing Laboratories Inc., tarily chilled and solidified on the 
Room 523 420N. LaSalle Street, surface. The other is called “immer 
Chicago 10, til. Continued on p. 150 


* Digest of “Staining of Clad Alu 


. b minum Alloy Sheets During Salt 
NSTRUMENTS ) | mm é 


: en Heat Treatment”, by ( 
= | N D u s T R y Williams and H. J. G. Challis, Jour 

nal of the Institute of Metals, Vol 
82, June 1954, p. 465-469 


PERCENT SAL1 
CONSTITUENT STaiIn No STAIN 
Sodium nitrite 9.6 9.5 
Combined alkali* 0.22 0.28 
Free alkali* 0.06 0.009 
Sulphate Nil Nil 
Chloride 0.04 0.06 
lron 0.0009 0.0072 
Silica Nil Nil 
Aluminum 0,002 0.002 
Sodium nitrate Bal sal 


*As Na.O 


Two kinds of staining have been 
noted, One is identified as “instan 
taneous” and occurs almost immedi 


ately with immersion on those areas 


ee ee ee ee eee ee ee ee ee ee ee ee ee 
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FIRST die forging press in the Air Force Heavy YMAN-GORDON C0. 


Press Program — 35,000-ton capacity. Now Established 1883 

: 6 , . 4 stablishe 

in cperation and capable of procvdng forg FORGINGS OF ALUMINUM * MAGNESIUM 
ings larger than heretofore attempted. Again, STEEL © TITANIUM 

as from the beginning of the aviation age, 


Wyman-Gordon pioneers in scientific advance. WORCESTER 1, MASSACHUSETTS 
HARVEY, ILL. . DETROIT, MICH. 








CPO ows 


Box A containing full furn- 
ace load of parts process- 
ing in work chamber. Box 
B—fully loaded, pre-heats 
in the upper vestibule. Box 
C—fully-loaded, waits on 
conveyor. 


Wilep 2-QUENCHING CYCLE 


Box A completely proc- 
essed, moves out to eleva- 
ator and is lowered into 
quench; bringing pre- 
heated Box B to loading 
level. Box B is pushed into 
heat chamber and door is 


closed. 


After proper interval, 
outer door is opened. Box 
Cis placed on upper eleva- 
tor and raised to pre-heat 
position as Box A is lifted 
from quench and removed 
from lower elevator. 


Sealed Cycles double door seal 
affords complete flexibility of 
processing without exposing heat 
chamber to air contamination. 


12045 Woodbine Ave., Detroit 28, Mich. 
Phone: KEnwood 2-9100 


METAL PROGRESS; PAGE 150 





























PREHEAT AND 
SLOW COOL 
CHAMBER 























Upper vestibule is easily adapted for slow 
cooling. Quench is adaptible for inter- 
rupted quenching. 


WITH 
MECHANIZED, BATCH- 
TYPE, CONTROLLED 





Staining of Alclad . . . 


sion” staining and results in stains 
which are whiter in appearance than 
the instantaneous variety and which 
arise only when free-alkali content 
of the bath exceeds 0.10% Na.O. The 
first type of staining may develop at 
free-alkali contents between 0.03 
and 0.10% Na,O. 

Electron diffraction examinations 
have established that instantaneous 
stains initially are amorphous alu 
mina, later converted to various 
crystalline modifications with further 
heating. Immersion stains have 
proved to be sodium aluminate 
(NaAlo, ) 

Conditions which tend to acceler 
ate decomposition of salt, leading to 
increase in free alkali, must be 
avoided. One is the addition of so 
dium nitrite to baths treque ntly 
done to prolong the life of iron con 
tainers. Where electric immersion 
heaters are used, it is seldom neces 
sary to make nitrite additions 

Accidental contamination of baths 
with foreign matter, such as oil or 
grease, is likely to accelerate salt de 
composition and precautions should 
be taken to prevent it. Furthermore 
periods of heat treatment above 900° 
F. should be as short as practic al 

Baths that do produce stains may 
be reconditioned by treatment with 
gaseous carbon dioxide and thus 
bring the free-alkali content below 
0.03%. An instance is cited of a 30 
ton production bath in a staining 


condition which was treated by pass 


ing dry CO, through an iron pipe 


with the outlet immersed in the salt 
Before the treatment the free alkali 
content was 0.055% and the carbon 
ate content 0.20% (both expressed as 
Na,O) 

During a 7%-hr. treatment, about 
17 Ib. of CO, was used. After treat 
ment the result was a marked de 
crease in extent and severity of stain 
ing and the free alkali decreased to 
0.04%. Gassing of the bath, don 
wherever possible between heat 
treatments, practically eliminated 
staining and progressively lowered 
the free alkali 

Elimination of the last traces of 
staining, involving neutralization of 
the remaining free alkali to below 
0.03%, required treatment over a 
much longer time than that needed 
to effect the first marked improve 


Continued on p. 152 
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Safely descale most metals 
in 20 minutes or less! 


WITH THE DU PONT SODIUM HYDRIDE PROCESS 


You can thoroughly descale any metal! 
unaffected by fused caustic at 700°F 
in any size or shape—within 20 min- 
utes in a sodium hydride bath. And 
because bath action stops the instant 
scale is reduced, there’s no loss of valu 
able base metal—no pitting or etching 
to cause costly rejects. 

Du Pont 
descaling —will be glad to give you all 


pioneer of sodium hydride 


the details about its economical, easy 


to-operate process. Just write or phone 


*t4 uv 6 vat oF 


BETTER THINGS FOR BETTER LIVING .. THROUGH CHEMISTRY 


Du Pont’s nearest district office or mail 


the coupon below 


Electrochemicals Department 


du Pont d «e Nemours & Co Ime 
MP-5 
Wilmington 98, Delaware 
Send me your descriptive booklet on 
Sodium Hydride Deacaling 
am de 


Have a Du Pont man call. ! 


scaling 
Name 
Position 
Firm 


Address 


en 
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a Waltz Heat Treating 


nt Now you can do it yourself in 
your own shop with your own heat treating 
department that can be tucked away in a 
corner no bigger than a utility kitchen. 
Sending ovt parts for heat treatment is an 
unnecessary cost, adding to materials- 
handling expenses and production delays 
caused by waiting for outside services. 
And the Waltz complete heat treating unit 
will make the same profit FOR you as the 
outside service collects FROM you. 
This versatile investment heat treats, 
quenches, draws, stress relieves, normal- 
izes, anneals. Enjoy these heat treating 
facilities right in your own shop. 


Features include: 


1, Heating furnace with range of 1000° to 2400° F, avto- 
matically controlled. (Dimensions; 12° wide x 10” high 
« 18” deep) 

2. Tempering or drawing oven is recirculating type with 
renge of 250° to 1100° F, automatically controlled. 
Alloy steel lined with perforated shelf. (Dimensions: 21” 
wide x 10” high « 18” deep.) 

3. Two quench tonks for oi! and water. By means of dovu- 
ble wall construction, oil tank is entirely surrounded by 
woter for cooling the oil, thus producing more uniform 
quenching. 

4. Foot treedles operate furnace and oven doors so thot 
honds ore free for work. 

5. Avtomotic, electronic-type controls. 

6. Shipped ready to install by simply connecting gos ond 
power line. 


Caled FURNACE COMPANY 


SYMMES STREET 
CINCINNATI, OHIO 


complete tine of WALTI 
or special heat treating 
using all types of fuels, 
built te suit your requirements. 
today te Dept. W = fer comprehensive 





Staining of Alclad . . . 


ment. However, eventually the salt 
was reconditioned to yield com- 
pletely stain-free sheets. 

Free-alkali content alse decreases 
when fresh salt is added to compen- 
sate for dragout and a steady volume 
of processing, necessitating frequent 
topping-up to the working level, 
helps to keep alkalinity low. Con- 
version of free alkali to carbonate by 
slow absorption of atmospheric CO, 
does occur, but cannot be relied 
upon to counteract any abnormal in 
crease in alkalinity. 

A. H. ALLEN 


Effect of Beryllium 
Alloying Additions* 


mMPpROVED production facilities as 

well as new sources of beryl have 
combined to make available a rela- 
tively plentiful supply of beryllium 
While pure beryllium metal has been 
employed in X-ray windows and has 
a wide potential use for nuclear re- 
actors, at present it is primarily used 
in magnesium, aluminum, nickel and 
copper-base alloys in which small 
beryllium additions effect large prop 
erty changes, so that the use of a 
relatively expensive metal may repre 
sent economy. The most extensive 
use of beryllium is in copper alloys 
because of its ability to harden cop 
per by low-temperature aging from a 
relatively soft annealed state to 
strengths far above those of other 
copper-base alloys, retaining th 
good thermal conductivity and cor 
rosion resistance of the base metal 
Beryllium copper is available exten 
sively in both wrought and cast 
forms. 

Wrought forms of beryllium cop 
per are available as strip, rod, bar 
and wire in annealed, cold worked 
(one-fourth to full hard), and heat 
treated conditions. In the solution 
treated condition, the alloy is soft 
and can be readily worked. Strip 
can be blanked, formed, deep drawn 
or spun, while rod can be forged, 
swaged and machined. However 
after heat treatment, strength and 

(Continued on p. 154) 


*Digest of “Beryllium as an Al- 
loying Addition,” by L. David, Metal- 
lurgia, Vol. 50, November 1954, p 
236-238. 
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Service that ruins stainless steel rails in 2 to 3 months leaves... 


CARBOFRAX® SKIDS UNTOUCHED AFTER TWO YEARS 


CARBOFRAX silicon carbide skid rails ture have completely eliminated thes 
have already outlasted stainless steel rails shutdowns... there hasn't been one sinc« 
8 to 12 times in this pusher-type heating the CARBOFRAX rails were installed in 
furnace...and are still in service! The May, 1952. And the heat conductivity of 
side-fired gas-burning furnace is used by 
J. W. Rex COMPANY, LANSDALE, PA., to sures that the blanks get uniform heating 


heat 13-pound circular steel blanks to CARBOFRAX 


the trough-shaped CARBOFRAX skids as 


skids don't just outlast 
1590°F at a rate of 115 blanks an hour other skids. Their first cost is usually 

The stainless steel skids the Rex Com lower than that of either water-cooled 
pany used before failed regularly every pipe or of those made of special heat 
two to three months, while frequent shut resisting alloys. Why not get full infor 


downs to straighten or replace the rails mation about CARBOPRAX skids right 


ran up operating costs and curtailed now, before your present ones wear out? 


output Address Department V55, Refractories 
Silicon carbide’s hot strength and re 


After two years, here’s how the 
trough-shaped CARBOFRAX skids 
look — practically untouched by 

the thousands of steel blanks that 


Division, The Carborundum Company, 
sistance to wear at the operating tempera- Perth Amboy, N. J 
have slid over them 


CARBORUNDUM 


Registered Trade Mark 


offers these advanced special-purpose super refractories: silicon corbide *¢ fused aluminum 
oxide «+ electric furnace mullite * stabilized sirconia + boron nitride * boron carbide + 
tirconium boride * titanium beride * chromium boride * molybdenum boride ¢ nickel eluminide 





economical, expandable 
MODEL 8950 production control 


QUANTOMETER 


More and more modern industries are finding a definite 
need for regular — but limited — spectrochemical analysis 
for systematic production control. More and more industries 
are finding it necessary to begin with economical 
instrumentation, then expand their laboratories as needed 
These industries will welcome the new model 8950 PCQ. 
It has all the accuracy and speed of the automatic 
Quantometers, yet is priced to meet limited budgets. 
Routine control analyses of alloys and materials are made 
many times faster than by chemical means. 
Production can be accelerated, more accurate quality control 
maintained, real savings gained in labor and time! 
Ask an ARL field engineer for the exact 
setup to meet your requirements. 


“UNITIZED CONSTRUCTION" 

Basic instrument allows determination 
of eleven elements of your choice. By 
simple addition of components, can be 
expanded to fully automatic operation, 
and up to 35 elements simultaneously 
analyzed. 


Secret of flexibility 


, As SB. 4 ..& 


Applied Research Labora tories 


t*'eovwvwetrea« 
3713 PARK PLACE GLENDALE 8, CALIFORNIA 


NEW YORK « PITISQURGH « DETROIT « CHICAGO « DALLAS « LOS ANGELES «¢ LAUSANME. Seiteeriond « LONDON, Explore 
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Beryllium . . . 


hardness are greatly enhanced and 
high fatigue strength is developed 
Wrought alloys are used in current- 
carrying springs and contacts, elec- 
tronic devices, instruments and con- 
trols, as well as in automotive, avia 
tion and machinery parts 

Beryllium is introduced to copper 
as a beryllium-copper master alloy 
containing around 3.5 to 4.25% Be. 
The high-strength alloy contains 
from 1.8 to 2.05% Be and 0.18 to 
0.30% Co; it is also available in less 
expensive form but with lower 
strength (1.6 to 1.8% Be When 
fully heat treated it combines good 
15 to 25% 
with the highest strength up to 


electrical conductivity 


200,000 psi. at room temperature) 
and hardness up to Rockwell C-45 
of any copper alloy. Because of ex 
cellent resistance to fatigue, corro- 
sion and wear, this nonmagnetic 
alloy is ideal for springs, diaphragms 
bellows, aircraft engin parts, eles 
tronic equipment, flash welder dies, 
and bearing materials 

The usual high-conductivity alloy 
has lower strength (up to 115,000 
psi. tensile) but better electrical con- 
ductivity (25 to 60% It contains 
about 0.4 to 0.7% Be and 2.35 to 2.7% 
Co. Another high-conductivity alloy 
has 0.25 to 0.5% Be, 1.4 to 1.7% Co 
and 0.9 to 1.0% Ag. This alloy was 
developed for resistance welding dies 
and electrodes having especially low 
surface contact resistance 

A range of heat treatable beryl 
lium copper alloys is available to the 
founding trade in convenient sizes 
for remelting and casting. Thess 
alloys can be handle d by sand il) 
vestment, pressure, plaster mold and 
permanent mold techniques and are 
characterized by excellent fluidity 
and amount of detail which can be 
obtained in the casting 

The most widely used beryllium 
copper casting alloy contains 1.9 to 
2.15% Be, 0.35 to 0.65% Co and 0.20 
to 0.35% Si. The alloy is espe ially 
suited to precision investment cast- 
ings because of its excellent fluidity 
and low pouring temperature rhe 
most Common use is tor nonsparking 
tools. Other applications employing 
sand and other casting techniques in 
clude bushings, cams, scraper blades 
and electronic parts 

An alloy with a beryllium content 


Continued on p. 156 
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ACCUMET PRECISION INVESTMENT CASTINGS @® 


Here are some of the more 
popular grades used for 
Crucible ACCUMET precision castings 


AIS! 1010 — Magnetic Iron 

AIS! 1020 — Low Tensile 

AIS! 4620 — Carburizing 

Mod. 4140 — Medium to High Tensile 
Ketos Oil-Hardening Too! Steel 

HYCC Air-Hardening Too! Steel 

Rezistal 410 — Hardenable Stainless 
Rezistal 303 — Free Machining Stainless 
Rezistal VT — AMS 5385B High Temperature 
Rexailey — Cr-W-Co Alloy 

Ainico Magnets 


are available 
in all steel and 


high-alloy grades... 


Whatever the grade of steel or high-alloys your specifi- 
cations call for, you can get it in Crucible ACCUMET® 


precision castings. 


And you can depend on the quality of ACCUMET cast 
ings, for they are made by the Country's leading specialty 
steel producer . . . to long established steelmaker’s melt- 
ing standards, in modern electric furnaces. The composi 
tion of ACCUMET is carefully controlled by chemical 
analysis of the casting — not merely of the remelt stock 
charged into the furnace. This extra control of analysis 
means better uniformity in response to heat treatment, 


hardenability and performance. 


Put an end to costly machining of parts. Let your 
Crucible representative show you how ACCUMET pre- 


cision investment castings can save you time and money. 





C R U C iB LE} first name in special purpose steels 


<4 
£7 


54. yeas of Fine, stoolmaking  KCCIMET PRECISION CASTINGS 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA 


REX HIGH SPEED + TOOL + REZISTAL STAINLESS * ALLOY * MAK-EL * SPECIAL PURPOSE STEELS 
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TOUGH SPRING 
ot ot OPW OR. B— 


r 
| 


emperature 


Use 
ALLOY Wire...Rod...Strip 


Spring Designers: You can readily select a material 
with just the right combination of properties for 
your tough spring applications from the alloys we 
fabricate into wire, rod and strip. Alloys such as 
Monel, K Monel, Inconel, Inconel X, Nickel, Dura- 
nickel, Austenitic, Ferritic and Martensitic Stainless 
Steels and special alloys are available in a wide 
range of tempers and special treatments. These 
materials feature high strength and fatigue prop- 
erties at elevated temperatures, good ductility at 
sub-zero temperatures, low magnetic permeability 
and excellent resistance to a wide variety of corro- 
sive conditions. 

Alloy Metal Wire Division engineers will work 
closely with you to develop any special engineer- 
ing and fabricating properties you may require. 
Your inquiries are always welcome. 


Send today for our new 
Nickel Alloy and Stainless Steel 
Properties Charts. 


ALLOY METAL WIRE DIVISION 


HK H. K. PORTER COMPANY, INC. 
‘SEINE §=Prospect Park, Pennsylvania 
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Beryllium . . . 


of 2.5 to 2.75% is used for pressure- 
cast molds for plastics and other 
applications which require a material 
combining castability, strength, hard 
ness and wear resistance with good 
thermal conductivity. For heavy 
electrical equipment, a high-conduc- 
tivity beryllium copper that can be 
used at moderately elevated temper- 
atures is required. A cast copper 
alloy with 0.5% Be, similar in proper- 
ties to the high-conductivity wrought 
beryllium copper, is used for such 
applications. 

Additions of 0.001% Be to mag 
nesium alloys suppress the formation 
of magnesium nitride and permit the 
use of green sand molds, eliminating 
costly drying procedures. Small addi- 
tions of beryllium (0.0005%) to alu 
minum alloys containing magnesium 
eliminate the tendency for mag 
nesium compounds to separate and 
come to the surface of the melt with 
consequent rapid oxidation. Addi- 
tions of 0.01 to 0.05% Be contribute 
to the thermal stability of aluminum 
alloys, refine the grain, and make 
them easier to cast. Higher amounts 
(up to 0.2% Be) further improve the 
castability and fluidity where intri 
cate detail is required in aluminum 
castings. Other uses for beryllium in 
aluminum include the production of 
alloys with special discoloration re 
sistance properties, as well as in alu- 
minum hot dip baths for coating 
steels. 

Beryllium nickel, an alloy contain 
ing 2.75% Be, is used to produce cast 
parts which can be heat treated to 
give good mechanical properties. It 
has a maximum carbon content of 
0.5%, although there are others with 
a higher carbon content up to 1.10% 
that are easier to machine but have 
lower strength. The strength of 
beryllium nickel is most advantage 
ously used when the design requires 
extremely high strength (175,000 
psi. by water quenching from 1950° 
F. followed by 5 hr. at 950° F.) and 
hardness (up to Rockwell C-52 
combined with good corrosion resist 
ance. It has good wear and impact 
resistance, and its high fluidity in the 
molten state has led to use in pro- 
ducing small-detail investment cast 
ings such as pump propellers, mining 
drill bits, and miscellaneous aircraft 
components 


W. W. Beaver 





how else would you make it?” 


Now SEE 
and HEAR 


what Die Casting can do for you! 


Every design and production engineer should 
see the new 16mm color and sound motion 
picture, “DIE CASTING — How else would 
you make it?”. This brand-new picture not 
only establishes the relationship of die casting 
to other high-speed production methods, but 
it fairly presents the place of zinc among the 
die casting metals. Prints of the film, which 
runs 35 minutes, are available now for use by 
industrial organizations, technical societies, 
engineering colleges and government agencies. 
They can be borrowed free of charge from the 
producer of the picture, the American Zinc 
Institute, Inc., GO East 42 St., New York 17, 
N.Y. When writing, try to give several 
alternate dates for the showing. 
Once bookings for the film are accepted by 
the American Zinc Institute, arrangements 
can frequently be made through the coopera- 
tion of the American Die Casting Insticute, 
a national association of jobbing die casters, 
to provide technical commentators and exhibits for 
film showings. A 28-page booklet entitled, “Die 
Casting — Molten Metal to Finished Part... Direct,” 
which contains supplementary technical informa- 
tion, has also been prepared by the American Zinc 
Institute and will be made available for distribution 
among the audience following the film presentation. 
The picture should be of interest not only to 
potential users of die castings, but also to manufac- 
turers who are now using die castings in the 
assembly of their products. They will find the film 
helpful towards re-evaluating both the die casting 
process and the metal zinc in the light of the latest 
developments in this rapidly growing industry. 


ae + + 


4 top: Automotive defroster duct gine die castings 
being removed from the dies in a die casting machine 
These die castings are made at the rate of 750 sets 
an hour 

bottom: A 60-in. long, 22-ib. gine die cast automotive 
radiator grille being removed from the die casting 
machine die prior to buffing and plating operations 
(The above photos are part of case history sequences 
taken from the film.) 


READ “Bunker Hill Zine and Die 
Casting”... the story of DIE CASTING 
as a high-speed, low-cost production 
tool... ZINC and its advantages as a 
base metal for die castings... BUNKER 
HILL'S contribution te the phenomeno! 
growth of the die casting industry. This 
new 81x11", 24-page publication is 
yours for the asking. Write for copy on 
your company letterhead please. 


ge 


SII AINE 
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High Alloy rings for jet 
engines we did the casting and 
rough finishing and the customer did the cutting and 
final finishing. 


Centrifugally cast metal gives an exceptionally fine, dense, 
uniform grain structure. The strength of the metal ap 
proaches that imparted to a bar or ingot when it is hot 
forged. lt produces an ideal metal for the tough service 
required of jet engine parts. 


Incidentally, as evidence of our knowledge of and experi- 
ence with tough alloy castings — static as well as centrifu 
gal — the records show very few rejections by this engine 
manufacturer who subjected each of the many rings we 
furnished to his own very rigid tests. 


May we suggest that you let Duraloy work on your high 
alloy castings — chrome iron, chrome nickel or nickel 
chrome? We have the experience and facilities for turning 
out high quality castings. 


THE DURALU Y COMPANY 
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Air Gaging as a 
Measurement Tool” 


pr ISION gaging of machined and 

ground parts by compressed air 
has been finding steadily increasing 
acceptance by industry over the past 
decade. It is economical, generally 
trouble-free and accurate, in addi- 
tion to requiring only moderate op 
erator skill. Present-day air gages 
have considerable versatility, being 
readily adapted to measurements of 


dimensions flatness, 


squareness 
concentricity, out-of-round and sur 
face finish 

The two basic types of air gages 
differ only in the  size-indicating 
mechanism used to show visually 
what is happening at the measuring 
air jet. One of these uses the flow 
system in which a flowmeter indi 
cates variation in air flow caused by 
a change in distance from the sur- 
face being gaged to the measuring 
air jet. The other employs the back 
pressure system in which a standard 
Bourdon tube or diaphragm dial 
gage is used to measure back pres 
sure build-up that occurs when air 
flow from the measuring jet is re 
stricted by the proximity of the part 
being checked 

Components of the latter system 

include, in order of direction of air 
flow, an air filter, pressure regulator 
indicator for regulated pressure, a 
fixed restrictor orifice, back-pressure 
indicating dial and a gage head 
or air jet) through which the air 
flow is directed at the surface of 
the workpiece. They are shown in 
Fig. 1 on p. 164. The restrictor ori 
fice controls the quantity of air flow 
ing in the pneumatx circuit betwee n 
this orifice and the air jethead, this 
section being known as the back 
pressure chamber. 

In action, when a workpiece is 
positioned close to the gage head it 
somewhat restricts the free flow from 
this orifice. This results in air being 
received by the gage head from the 
restrictor orifice at a rate faster than 
it can escape, thus causing back 
pressure. The back pressure is indi 
cated by movement of a pointer on 
the indicator dial. In turn this dial is 

Continued on p. 160 
*Digest of “Factors Involved in 
the Use of Air for Precision Meas- 
urement”, by Charles W. Gardner, 
General Motors Engineering Jaur- 


nal, Vol. 1, November-December 
1964, p. 16-21. 





EASY-TO-CAST REFRACTORY CONCRETE forms front wall of in-and-out billet and slab heater at Industrial Forge & Steel 
Inc., Canton, Ohio. Refractory Concrete gives trouble-free service despite furnace-crown temperatures of 2200-2250'1 


Here’s how Refractory Concrete 
cuts installation time .. . improves performance 


THIS BILLET HEATER front 
wall is only one example of the ways 
that Refractory Concrete serves In- 
dustrial Forge & Steel, Inc., Canton, 
O. Refractory Concrete is used on 
hearths for in-and-out furnaces .. . 
on charging floor areas for open- 
hearth furnaces .. . to line billet fur- 
nace doors and pre-heating pits. 
Placed in 5 hours, a refractory con- 
crete bridge wall for a coal-fired boiler 
gave better service than previous 
walls that teok 2 days to install! 
You'll find that Refractory Con- 
crete made with Lumnite* calcium- 
aluminate cement gives trouble-free 
service wherever heat, corrosion or 


OFFICES: Albany 


Birmingham, Boston, Chicago, Dayton, Kaneaas City 


abrasion are problems, It’s easy to 
place—by plastering, pouring or ce 
ment gun—and it’s ready for use 
within 24 hours. 

For added convenience you can 
use a Lumnite-base castable mix 
Lumnite cement plus aggregates se- 
lected for specific temperature and 
insulation needs. All you do is add 
water, mix and place. Castables are 
made and distributed by leading 
manufacturers of refractories. For 
more information, write Lumnite 
Bureau, Universal Atlas Cement 
Company (United States Steel Cor 
poration Subsidiary), 100 Park Ave 
nue, New York 17, New York. 


Minneapolis, New York 


INTERIOR VIEW of heater. Refractory Concrete mode 
with Lumaite reaches service etraneth within 24 heurs 
takes temperatures up to 2600°F. and more 


Philadelphia, Pittsburgh, St. Louis, Waco 


**LUMNITE" is the registered trade-mark of the calcium-aluminate cement manufactured by Universal Atlas Cement Company 


LUMNITE for INDUSTRIAL CONCRETES 


REFRACTORY, INSULATING, OVERNIGHT, CORROSION-RESISTANT 


UNITED STATES STEEL HOUR —Televised alternate weeks —See your newspaper for time and station 
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AN OFFER OF HELP WITH YOUR 
HEAT PROCESSING PROBLEMS 


ttvator 


1 Be: 


CONTINUOUS mESH BELT CONVEYOR 


TWIN AND SINGLE MUFFLE PUSHER 


WRITE FOR YOUR 
PERSONAL COPY 


of new Pictorial Review of Harper 
Specially Designed Furnaces 


For 


Continuews Brazing 
Bright Annealing 
Bintering Powder Metals 
High Gpeed Sitesi Heat Treating 
Billet and Bar Heating 
Annealing 
Melting in Crucibles 
Forging 
General Heat Treating 


Furnace Builders 


Representatives 


in Principal Cities 
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® HERE AT HARPER, the case his- 


tory of your installation is written 
before you place your order! 


The men of Harper believe in and 
work on this principle—you get the 
best results at lowest cost with high 
temperature electric furnaces spe- 
cially designed and built to fit your 
products. 


Isn't that better than trying to 
adapt your work to the furnaces? We 
call it “The Harper Way” and it 


works! 


You need feel no hesitancy in lean- 
ing on Harper specialized but broad 
experience in developing electric 
furnaces for processing today’s new 
metals and alloys—with or without 
special atmospheres 


The sketches show just a few types 
of Harper furnaces that are helping 
manufacturers gain a competitive 
edge through advanced design, vol- 
ume production and lower costs. 


Your request for a discussion is 
bound to spark-plug some worth- 
while sharing of up-to-date thinking. 


P.S. You will not find us “high pressure’. 


HARPER 
Electric Furnace Corp. 


40 RIVER ST., BUFFALO 2, N. Y. 





Air Gaging 


calibrated so that when conditions 
of equilibrium are reached, it will 
read in terms of the distance from 
the part to the gage head orifice. For 
practical purposes, such equilibrium 
is considered to be reached in- 
stantaneously and any change in po- 
sition of the workpiece is at once in- 
dicated on the dial of the air gage. 
Dimensional changes as small as 
0.000010 (ten millionths) in. are 
readily measured. 

Experience has shown that the 
following dimensions and pressures 
cover most applications: regulated 
air pressure, 25 to 60 psi.; gage head 
orifice diameter, 0.031, 0.052, 0.073 
or 0.094 in.; restrictor orifice diam- 
eter, 0.013 to 0.067 in.; and num- 
ber of air jets in combination, 1 to 
3. Actually, restrictors are specified 
by the drill number size required 
to form each orifice. By limiting the 
number of gage head orifices to four 
a program can be set up to deter- 
mine their characteristics, each in 
combination with 30 restrictor ori 
fices, and for one, two and three 
gage heads. From these data curves 
were plotted to predict sensitivity 
and extent of linear range of gage 
head. 

Sensitivity refers to the rate of 
change of back pressure with change 
in distance of the workpiece from 
the gage head; the greater the 
change, the greater the sensitivity 

Surface finish has a decided ef 
fect on size as determined by an 
air gage because the air jet spin- 
dle averages out the minute hills 
and valleys in the finish and indi- 
cates a slightly greater inside diam- 
eter than would, for example, a 
standard plug gage 

To overcome this effect, a gage 
spindle incorporating a floating lever 
was devised some years ago. It 
utilizes an open gage head in com 
bination with a pivoted lever that 
contacts the surface being measured. 
Movement of this lever relative to 
the open air jet is measured by the 
gaging circuit. The floating lever 
pickup is recommended for surfaces 
with a finish over 50 rms 

The use to which the air gage will 
be put is an important factor in 
its design. Thus, if it is for 100% 
production checking, the ultimate 
must be provided in wear resistant 

(Continued on p. 164 





Joe Vuille says it’s simple arithmetic: 
“180 cups per min. x 60 min. x 40 hours per week x 5 weeks= 


2,160,000 brass cups 


in one uninterrupted run” 


For more than 20 years, Joe has been press- 
room foreman of Leviton Manufacturing Com- 
pany, Brooklyn, N. Y., one of the world’s largest 
manufacturers of electrical wiring devices 

Multi-million production runs of stamped and 
drawn products are nothing new to Joe, but 
he'll admit that there’s more to it than a multi- 
plication table: 

“First,” says Joe, “you start with a good prod- 
uct design. Then the toolroom calls on its broad 
experience in diemaking. Next, good equip- 
ment and good housekeeping are essential in 
the pressroom. And then there's the brass: 
these extra-large coils of brass strip have to be 
just so in dimension, composition, grain size, 
temper and surface finish . . . lot after lot after 
lot . . . tailor-made for the job.” 

Each year Leviton uses more than a million 
pounds of ANaconpA Brass, produced to 
Leviton's precise specifications, “just so. . lot 
after lot after lot ... tailor-made for the job.” 
Perhaps we can perform a similar service for 
your Write to The American Brass Company, 
General Offices, Waterbury 20, Connecticut. In 
Canada: Anaconda American Brass Ltd., New 
Toronto, Ontario. were 


You can always depend on 


ANACONDA’ 


copper, brass and bronze 
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Operator at Thompson Products, inc 


THE COMPLETE LINE OF STOKES 


Stokes manufactures a complete line 
of vacuum pumping equipment. This 
includes mechanical vacuum pumps, 
diffusion and booster pumps, vacuum 
valves and gages, and complete 
vacuum instrumentation. In engi 
neered high vacuum equipment, 
Stokes builds vacuum metallizers, 
vacuum furnaces and other vacuum 
processing equipment. 


Stokes has for many years been 
active in vacuum research. Vacuum 
experience among our engineers 
covers the range from laboratory 
equipment to some of the largest 
vacuum equipment in service. This 
experience is available to help solve 
your vacuum problems. 


Cleveland, Ohio, uses optical pyrometer to make a supplementary check on melt temperature in Stokes high-vacuum furnace 


STOKES MECHANICAL 
VACUUM PUMPS 


For vacuum processing systems and 
for maintaining low forepressures 
in high-vacuum systems, the Stokes 
Microvac pump provides efficient, 
economical operation. Designed 
with fully automatic lubrication 
and a long-lasting exhaust valve 
assembly, every Microvac pump is 
assured of smooth, trouble-free 
operation. Six sizes give capaci 
ties from 15 to 500 cfm. Send for 
catalog listed at right. 








Thompson Products Uses 
STOKES Vacuum Furnace in Metals Research 


Thompson Products, Inc., of Cleveland, Ohio, one of the country’s largest 
suppliers to the automotive and aircraft industries, carries on an extensive 
research and development program. To aid in the investigation of high- 
purity metals, Thompson has installed a Stokes high-vacuum furnace. 


Thompson’s vacuum furnace is currently rated at 200 pounds melt 
capacity: however, the unit is capable of 1000-pound production 
with only minor modifications, an important advantage should 
full-scale vacuum metal production be initiated. 


A } : ‘ SEND FOR 
Stokes is the leading supplier of production vacuum furnaces TECHNICAL 


for industry. Outstanding features are a vacuum lock, which LITERATURE ; 

permits multiple melts and melt manipulation without Microvac Pumps—Catalog 750 
breaking vacuum; high-capacity vacuum pumping oe aaa 
systems, utilizing the new, high-speed Stokes Ring-Jet and performance curves 
Booster pumps and the dependable Microvac forepump; The Story of the Ring-Jet Pump 
and grouped controls for convenient operation. Stokes has — dear ene ey a 
many basic furnace designs — any of which can be Wow to Cave Ger Yous 
modified to meet your particular needs. Vacuum Pump—Booklet 755 


Vacuum impregnation — 


If you are interested in high-purity metals, you'll want Catalog 760 

to know more about Stokes high-vacuum furnaces for Vacuum Drying—Cotalog 720 
both laboratory and full scale production. Write a an ~ Yo ” 

for your free copy of Stokes Catalog No. 790, eae 


: , . ” Vacuum Metallizing — 
“High-Vacuum Furnaces. Cotaleg 780 


. . Vacuum Calculator 
F. J. Srokes MACHINE COMPANY “Slide Rule *° 
5502 Taspor Roap f 
PHILADELPHIA 20, Pa. 


VACUUM EQUIPMENT 


STOKES VACUUM VALVES 
STOKES RING-JET DIFFUSION To control vacuum sofely and surely, Stokes 
AND BOOSTER PUMPS vacuum valves are available in 4, 6, 10 and 


16-inch standard flange sizes 
The new Stokes Ring-Jet Pumps em- 


body a new concept of the diffu- STOKES-McLEOD VACUUM GAGES 

sion principle. Size for size, they For measuring vacuums from fractions of a 
have pumping speeds of 10% to micron up to 50 mm, Stokes-Mcleod gages ore 
sive lies O6Et diets aah ene the standard of reference. Four sizes available 
diffusion pump for a given heat 
input. Ring-Jet Diffusion Pumps are 
available in sizes of 4, 6, 10, 14 
and 16 inches; Booster Pumps in 
sizes of 4, 6, 10 and 16 inches. 


Send for information listed. 


OFFICES IN PRINCIPAL CITIES, REPRESENTATIVES THROUGHOUT THE WORLD 





Air Gaging “eS Regulated Pressure Indicator Back Pressure Indicating Mechanism 


materials on all contacting surfaces. 
Carbide wear strips are common on Direction of Air Flow 
the floating-lever type of gage. 

Two factors can limit the accur- Spoce-| = 
acy of these air gages—dirt and wear 
in the air-gage pneumatic circuit _ 
Air supply should be clean and dry = mee — —eccentiimemcence | meme» | |= 
to avoid eventual passage of dirt ‘ 
particles through the filter and plug- 
ging of restrictor and jet orifices. 
Also, if the part-locating details of Pressure Regulator Gage Head (Air Jet¥ Workpiece 
the gaging fixture are allowed to : 


A Filter 


Fixed Restrictor Orifice 


Fig. 1—Schematic Representation 
of Back-Pressure Air Gage System 
Section of the pneumatic gaging cir- 





cuit between the restrictor orifice 
and the gage head is referred 
to as the back-pressure chamber 


wear beyond reasonable limits, the 
part-to-jet distance changes to a 
point where it is no longer within 
the linear range and inaccurate read 
ings result. A. H. ALLEN 


1 Cracking in Steel Related 
solve ‘aap to Temperature Changes” 


your : .¢ Bom and other parts exposed to 


frequent temperature changes oc- 


heat- ("4 . A casionally have cracks which cannot 
ee ogg 0 be accounted for by mathematical 
treating analysis of the mechanical stresses 


involved. Because these defects have 
been attributed to the effect of 


problems abrupt temperature changes, quench 


eee ee ee tests were used to verify this hy- 

alloy heat treat ovens. pothesis. 
Every Young Brothers Oven, whether standard type or The test specimens used were 150 
special design, is engineered to meet the most exacting re- mm. (about 6 in.) long, and 80 mm 
quirements. Leading manufacturers processing ferrous or (about 3 in.) in diameter, and had a 
non-ferrous metals are finding that Young Brothers Ovens See ieeaaer: of SS isan. (ele 5 
improve the quality of their products at considerable savings 
in time and money. Many branches of the Armed Services, 
too, have approved the use of Young Brothers Ovens where 
heat treating applications are required. 


in.). The quenching was done by 
passing a fixed amount of the 
quenching medium (distilled water 
for most of the tests) through the 
specimens. The specimens were re 
For over 50 years, Young Brothers Company has continu- heated after quenching, and the 
ally developed batch and conveyor ovens for new processes, Sete ‘was sepeeeet. = Aiier gosh 
lie woh 4 piece had received a number of 
materials and products where heating requirements are not 
in excess of 050° F. The dependability of these ovens in transverse and longitudinal sections 
thousands of installations is your assurance of finest results were taken through the specimen 
at lowest cost. Experienced engineers are available for and the number, depth and (depend 
consultation without obligation. Write for Bulletin 14-T (Continued on p. 166 
on heat treating. 


quenching treatments (at most 250) 


*Digest of “Crack Formation in 


Low-Alloy Steels Due to Abrupt 
YOUNG BROTHERS COMPANY Temperature Changes”, by Wilhelm 
Radeker, Stahl und Eisen, Vol. 74, 
ftob. 1096 «=61829 Columbus Road Cleveland 13, Ohio July 15, 1954, p. 929-943. 
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AS PARTNERS 
IN YOUR PROGRESS 











---we have great confidence in you —our customers! 


It is because we have this confidence in you that we 
substantially increased the production capacity of our Niagara 


Falls, N. Y. and Morganton, N. C. plants. 


It is because of this confidence that we are constantly 
engaged in far-reaching research and developmental activities 
to insure your steadily increasing acceptance of our products 
in the years to come. 


And it is because of this confidence in you that we look 
forward to still greater rewards from our partnership in your 
progress — to the degree that they are merited through the 
dependability of our products and the alertness of our service. 


‘CLC 


(yreat Lakes ( arbon ( orporation 
GRAPHITE ELECTRODES. ANODES. MOLDS and SPECIALTIES 


ADMINISTRATIVE OFFICE: 18 East 48th Street, New York 17, N. Y. 
PLANTS: Niagara Falls, N. Y., Morganton, N.C 
OTHER OFFICES: Niagara Falls, N. Y., Oak Park, Ill., Pittsburgh, Pa. 


Sales Agents in Other Countries: Great Northern Carbon & Chemical Co., Lid., Montreal: 
Overseas Carbon & Coke Company, Inc., Geneva; Great Eastern Carbon & Chemical Co., Inc., Chiyoda-Ku, Tokyo. 
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Cracking . . . 


Analysis of Steels Tested for Crack Formation 





ing on the number of quenching \LLoY 


treatments) the penetration rates of 
Mild steel 


St 35 

St 45 

19 Mn 5 
HIV A (fine 
Cu-Ni steel 
Roll steel 


Gray irons 


the cracks originating at the inner 
quenched surface of each test speci 
men were measured, The tempera 
tures from which the specimens were 
quenched varied between 390 and 
1290° F. The compositions of the 
steels used in the tests are listed in 
the table alongside 


grained 





Mn Ce C1 Al 


0.67 
0.05 
0.06 
0.09 
0.09 
0.07 

1.00 


0.010 
0.009 
0.009 
0.008 
0.018 
0.008 
0.022 


UU 


0.40 











Continuous-Automatic-Efficient 
Cleaning - Annealing - Pickling 


Ly) 
tie Annealing 
- os ae | 


Hot Sproy Weer 


Uniooding 


Rockwell continuous belt conveyor unit for 
washing, annealing and cooling brass screw 


bases for fuses, which are then 


+= - Wosh BRinse —e+= Drying — = 


Pickle Rinse 


Automatically fed into this pickling, rinsing, 
washing and drying machine—all Rockwell 


designed and built 


This unique system for continuous, automatic processing and anneal- 
ing metal products is one of many Rockwell-built types, coordinated 
into time, labor and space saving equipment for uniform, economical 
production. Your inquiries invited. 


W. S. ROCKWELL COMPANY 


2045 ELIOT STREET © FAIRFIELD, CONN. 


Sales Representatives in Principal Cities 
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Phosphorus range 0.009 (mild steel) 
through 0.05% (19 Mn 5) 
range 0.017 (mild steel) through 
0.042% (roll steel); nitrogen 
0.004 through 0.005%, except no ni- 
trogen for H IV A and gray iron 

*3.36% graphite, 0.120% P, 0.52% S. 


sulphur 


range 


the 
data, cracks begin to form at a tem- 
perature of the 
The 
number of cracks along the bore, as 
revealed by a 


According to experimental 


x790 


572 F. when 


quenching medium is water 
transverse section of 
the test piece, reach a maximum for 
quenching temperatures between 
750 930° F., the 
cracks dropping off at higher tem- 
The total depth of the 
cracks followed a similar pattern. A 


and number of 


peratures. 
correlation was made of the number 
of cracks with the number of quench- 
ing treatments, and this showed that 
the number of cracks was already 
established after the first quench 
Quenching in salt solutions (so- 
dium chloride or sodium sulphate) 
of various concentrations revealed 
that the effect of quen h tempera 
ture on the number of cracks and the 
total depth of the cracks 


as when distilled water 


is the same 
is used ex- 
cept that crack-formation begins at 
salt 
solutions. When quenching was done 


higher temperatures with the 


in a 32% calcium nitrate-ammonium 
nitrate solution, the total de pth of the 
cracks appeared in the same tem 
perature range but had a consider 
ably higher value. The formation of 
cracks was delayed when corrosion 
products, caused by the quenching 
agent, formed on the quenched sur- 
face of the specimen. 

The extent of crack formation was 
found to be dependent on the rigidity 
of the specimen, and especially on 
the wall thickness. However, cracks 
were observed on specimens having 
a wall thickness as small as 4 
(about 0.16 in after quenching 
from 930° F. R. ¢ 


mim 


SHNAY 











Photo shows automatic bolt maker. Courtesy of Oliver Iron & Steel Corporation 


Mr. Tooley Says: 


“Tt takes two to make w bargain’ 


How right! 


In the field of tools and tooling materials for shaping, forming and removal of metal, Firth Sterl’ 
occupies the unique position of supplying both steels and carbides to do your job. Thus you are always 
assured of a bargain . . . the just-right selection from alternative materials, offered without bias from a 
single source of complete shop tooling. 

Cold heading operations, for example, illustrate the point. Either steel or carbide, or both, may be 
used successfully. But one may have an advantage over the other because of the requirements of the job 

. such factors as quantity of product, geometric design, desired finish, material used and tolerances 
required. We have both steel and carbide. We can recommend the exactly right one, or both, if indicated! 


Yes, for cold heading “it takes two to make a bargain” .. . Firth Sterling C.H.Q. Steel and Firthaloy 
Carbide Nibs. 


C.H.Q. COLD HEADING QUALITY STEEL FIRTHALOY CARBIDE NIBS 


Controlled hardenability by size Controlled quality 
Controlled carbon content by size Made specifically for cold 
Special cold heading inspection heading applications 

for good centers @ Toughest grade of sintered carbide 
Safety in heat treatment ¢ Maximum impact and fatigue resistance 
Superior toughness and fatigue resistance © Good machinability 


Your Firth Sterling representative will recommend the best grade 
of steel or carbide for your applications and product requirements. 


Fisth Sterling BEE 


->, 
& Die Stee YP > Firth Heavy Metal 
4 


—iINnc— 
GENERAL OFFICES: 3113 FORBES ST., PITTSBURGH 30, PA. 


antes Speciatte . lL ue 


High Temperature All : gh Temperature Cermet 
OFFICES AND WAREHOUSES": BIRMINGHAM CHICAGO" CLEVELAND DAYTON DETROIT’ HARTFORD’ 


HOUSTON LOS ANGELES" WEW YORK PHILADELPHIA PITTSBURGH WASHINGTON WESTFIELD, W.) 
CALL YOUR FIRTH STERLING DISTRICT OFFICE OR DISTRIBUTOR. AGK MR. TOOLEY. 
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NOW PRODUCTION PROVEN 


INTERLOCK 


(Potent Applied For) 


Heat Treating Fixtures 
LAST LONGER -—COST LESS 


Since we introduced Interlock with its exclusive “tubular rivet”’ 
construction, daily use in annealing, carburizing, carbonitriding 
has proven that Interlock all but eliminates maintenance and 
assures life far in excess of ordinary heat-treating fixtures. Heat 
treating stresses and strains are minimized because Interlock con- 
struction allows free movement of all joints and specific allowances 
for thermal expansion. Corrosion-free service is guaranteed by 
fabrication from metal or alloy to match process conditions. Here 
are a few reports we've received from leading manufacturers: 


VY PROOF 


“Using only 11 Interlock baskets, we saved $19,360 in 18 months, even 
though the Interlock unit-cost was almost twice that of old equipment.”’ 
Electrical equipment manufacturer 


y PROOF 


“Our first 15 Interlock units look like new after constant use in car- 
burizing and oil quenching . . . please fabricate 30 more units.”’ 
Automobile manufacturer 


VY PROOF 


“We've had no down-time since we started using Interlock.” 
Machinery manufacturer 





Wire Cloth Co. Call in your Cambridge Field 
EF 


ingineer to discum ways to 
Dept. B « Cambridge 5,Md, cut heat treating costs with 
Interlock. He's listed under 
“Wire Cloth” in the yellow 
pages of your phone book. OR 
WRITE FOR Bulletin No 
112, “Cambridge Products for 
OCPFICES IN PRINCIPAL INDUSTRIAL CITIES Heat Treating.” 


METAL PROGRESS; PAGE 168 





Heat-Affected Zone in 
Arc Welded Type 347” 


(oLuman m-stabilized stainless 
steel, known as A.LS.I. Type 
347, has creep and rupture prop- 
erties superior to the unstabilized 
grades, Hence, it is commonly speci- 
fied for weldments to be used in 
high-temperature installations _ be- 
cause of its good weldability and 
corrosion resistance in the heat- 
affected zone without postheating. 

Cracking in the heat-affected zone 
after welding of heavy sections or 
following some post-heat treatment 
is not uncommon. Cracks have ap- 
peared adjacent to welds from ex- 
posure to elevated temperatures 
Under conditions of corrosion a 
“knife-line” attack has been observed 
in a narrow band in the heat-affected 
zone. 

The heat-affected zone of arc 
welds consists of incremental re- 
gions, each with a slightly different 
thermal history, so that there is a 
continuous change in metallurgical 
structure and, usually, variations in 
properties. In order to correlate these 
properties with microstructure and 
thermal cycle it is necessary to have 
specimens which contain definite, 
uniform microstructures identical to 
those in the various incremental re- 
gions of the heat-affected zone 

The welding laboratory of the 
Rensselaer Polytechnic Institute has 
developed a time-temperature con 
troller apparatus which, in an ap 
propriate specimen, simulates the 
heating and cooling cycle of any 
part of the heat-affected zone. Thus. 
the properties of the microstructures 
in the zone may be determined 

The first step required in this 
operation is the determination of the 
various heating and cooling cycles 
occurring in the region between the 
weld bond and the unaffected basis 
metal. These thermal cycles are de 
pendent upon plate thickness, heat 
input and the ambient temperature 
of the basis metal 

In this study thermal data were 

(Continued on p. 170) 

*Digest of “Some Properties of 
the Heat-Affected Zone in Arc Weld 
ed Type 347 Stainless Steel”, by 
E. F. Nippes, H. Wawrousek, and 
W. L. Fleischmann, Report No. 
KAPL-1105 (March 1954), Knolls 


Atomic Power Laboratory, General 
Electric Co., Schenectady, N. Y 





Twin Kemp Atmos Gas Generators Give This 
Steel Producer Absolute Atmosphere Control 


Preventing oxidation and discoloration during the an- 
nealing of cold strip steel is the assignment of two Kemp 
Model 6-MR Atmos Gas Generators installed at Thomas 


Strip Division of Pittsburgh Steel. The picture shows Fred 
Michaels, Turn Foreman, observing the test burner on the 
panel of the controlled atmosphere produce: 

Fueled with natural gas, these units supply uniform atmos 
pheric gas within the annealing furnaces deliver exact 
qualitative analysis regardless of load demand. Delivering up 
to 6,000 cfh, the battery of Kemp Generators assures protec 
tion against oxidation and discoloring of steel in process 


Kemp Units “Do Far Better Job” 
Division management states that the Kemp Generators 
are doing a far better job than the generating equipment 


KE 


OF BALTIMORE 


they replaced. Purity of the gas is very good by actual analysis 

equipment capacity increased maintenance and labor 
costs reduced product quality improved by the much 
closer atmospheric control made possible by Kemp 

Kemp Can Help You 

lf you have a controlled atmosphere problem, Kemp can 
help you. Every Kemp.Atmos Generator is engineered for 
fast-starting, easy operation delivers a chemically-clean, 
controlled atmosphere at specific analysis, without fluctua- 
tions regardless of demand. For convenience, safety, and 
dependability—specify KEMP. A Kemp engineer will gladly 


discuss your own specific problem without obligation 


Write: C. M. KEMP MFG. CO., 405 Bast Oliver Street, Baltimore 2, Md. 


ATMOS GAS GENERATORS 


ADSORPTIVE DRYERS « SINGEING EQUIPMENT 
WAMERSION MELTING POTS 
CARBURETORS « BURNERS « FIRE CHECKS 
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MALLORY:- SHARON reports on 


TUT AIN DU 


NEW ALLOYS easy to machine 


RODUCTION results and thorough research tests show that 

unalloyed titanium machines similar to 18-8 stainless steel 
The alloy grades machine somewhat harder, but do not approach 
the difficult-to-machine high temperature alloys. 
For example, Mallory-Sharon titanium alloys may be turned at 
120 to 160 feet per minute, or milled at 80 to 120 feet per minute, 
using carbide tools. These rates are practical with the new 
Mallory-Sharon alloys MST 6AIl-4V, and MST 3Mn Complex, 
and for the well-known MST 3A]-5Cr, and MST 4A1-4Mn alloys. 


All Mallory-Sharon alloys are produced by ‘“‘Method S”’ vacuum 
double melting, resulting in good machineability. This process 
eliminates alloy segregation and enables carbon to be held un- 
der 0.1%. (Carbon solubility in titanium is approximately 0.2%, 
and larger percentages result in formation of carbides which 
reduce machineability. ) 


For complete information, write for a copy of 
“Titanium Machining Recommendations’’. It is 
based on our broad experience as a leading pro- 
ducer of this lightweight, corrosion-resistant metal. 
Write Mallory-Sharon Titanium Corporation, 
Dept. F-5, Niles, Ohio. 


MALLORY SHARON 
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Heat-Affected Zone . . . 


obtained on 1%-in plate since, for 
metallurgical purposes, such data are 
considered applicable to any section 
thickness above 1 in. Energy input 
levels of 20,000, 30,000 and 45,000 
joules per in. were used to deposit 
bead welds in grooves 1/16 in. deep 
by 3/8 in. wide in the plate Thermal 
cycles for various locations in the 
heat-affected zone were determined 
by chromel-alumel thermocouples 
inserted in holes drilled from the 
back of the test plate A 14-channel 
oscillograph recorded the output of 
the thermocouples. 

These data are used in a series of 
mathematical computations utilizing 
a generalized equation expressing 
temperature distribution in the heat 
affected zone as a function of time 
distance from the weld centerline 
and welding factors, such as heat 
input and basis metal ambient. This 
equation has the following form 

i- F(s, d) : 

l — To = {060 wes as 
in which T is temperature OF at 
distance d from weld centerline and 
at time s, after the ar: passes; Ty is 
temperature of plate when welded 
F(s,d) is function of distance and 
time after the arc passes; EI is 
energy input in joules per inch of 
weld; and IF is input factor, which 
accounts for the effect of plate tem 
perature (unity at room tempera 
ture; less for higher temperatures 

The computations involve plotting 
F(s,d) versus time for various dis 
tances d for each of the weld runs 
and also plotting F(s,d) versus dis 
tance for various times s. The values 
of F (s, d) are averaged and tabu 
lated to show the values of F(s, d 
versus d and s. These values are 
used to calculate the heating and 
cooling cycle for various specific 
peak temperatures in the heat-affect 
ed zone. A controller cam is con 
structed to reproduce each of thes« 
cycles in the temperature-time con 
troller apparatus. 

A limited number of tests were 
made with the controller using peak 
temperatures of 1800. 2000. 2200 
2400, 2475 and 2500° F., each rep 
resenting the thermal cycle of a 
specific increment of the heat-affect 
ed zone of 1%-in. plate welded with 
out preheat and using a heat input of 
30,000 joules per in 

Continued on p. 172 





The type KS-16,000 diffusion-ejector 
pump undergoing helium-leak check on a 
CVC one-thousand pound high-vacuum 
melling and casting f. rnace installation 


_  Messure tale Past 


PRESSURE . (mm Hig) 





Type KS-16 000's performance curve. 


with this new CVC high-vacuum pump 


Removing 7,000,000 micron-liters of gas a second from a accepted and profit ible production process 


furnace chamber that’s the task of ¢ VC" new dif- 
fusion-ejector pump, type KS-16,000 


1. Speed for air is 18,000 liters a second at 4 microns 
1,000,000 micron-liters a second, or 12.5 pounds of air 


Other features of the type KS-16,000; 


zs He see chart Speed for hydrogen is 42.000 liters 


per hour, means that this singel pump can exhaust a 
a second at 6 microns Hg 


one-thousand pound melting and casting furnace 21 ' 10-4 4H 
. itumate pressure is x 10" mm uv 
smoothly and swiftly and maintain the desired oper- I 


ating pressure throughout outgassing periods 3. Limiting fore pressure is 10mm He 


1.000.000 micron-liters a second also means that CV¢ 4. Clearance between jects and pump casing is extra 


is able to supply efficient pumping for the tremendous wide 


ma itt ut 


and unobstructed, Dust particles four 


gas loads of the five-thousand and ten-thousand ous metallurgical processes will not clog jet action 
pound high-vacuum furnaces metallurgists plan for For 


further information about the type K.S-16.000 
the future 


or about the use of high vacuum in metallurgy, write 
to Consolidated Vacuum Corporation, Rochester 3, N.Y 


(a subsidiary of Consolidated Engineering Corporation, 
Pasadena, California) 


S/S Qe Consolidated Vacuum Corporation 


Headquarters ROCHESTER 3, N.Y. 
for High Vocuum 


This high-speed, high-vacuum pump is the latest in 
a series of advances made in the CVC laboratories 


advances helping to make vacuum metallurgy an 














CVC sales now handled through Consolidated Engineering Corporation with offices located in Albuquerque « Atlante 
Boston ¢ Buffalo « Chicago « Dallas « Detroit « New York «+ Palo Alto + Pasadena + Philadeiphia « Seattle « Washington, O. ( 
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A COMPLETE LINE OF 


PRECISION INSTRUMENTS 
for 


AO 
CONTROL 
AND 
RESEARCH 
METAL- 
LOGRAPHS 


Years ahead in optical quality and simple, rapid operation, these two AO Metallo- 

graphs outperform the field, Every operation is accomplished while you sit com- 
fortably at a modern desk ... you compose the picture on a screen directly in front of 
you... focus the camera automatically while examining the specimen through the 
microscope ... take notes, change magnification, adjust the lamp, make the exposure 
all with unbelievable speed, ease, and precision. Other features: monocular or binocular 
bodies, revolving objective turret, two lamps—visual and photographic, “autofocus” 
coarse adjustment stop. For those laboratories needing an instrument for the study of 
anisotropic materials, the AO Metallograph equipped with a circular revolving stage and 
polarized, phase, and bright field illumination, is recommended. 


10) spencer METALLURGICAL MICROSCOPES 


From the complete line of Spencer Metallurgical Micro- 
scopes, select an inetrument that exactly meets your needa, 
« AMERICOTE OPTICS eliminate reflections, pro- 
vide added contrast. 
WIDE RANGE ADJUSTABLE STAGE handles 
unusually large or small specimens. 
BRILLIANT, UNIFORM ILLUMINATION from 
a vertical Wluminator that is simple to operate, 
sturdy, cool, 
VARIETY OF EQUIPMENT for teaching, routine 


examinations, and research. 


YD srencen STEREOSCOPIC MICROSCOPES 


‘Two distinct advantages are offered by these instru- 
ments 

1. The image ie ereet and a wide field of view is 
provided, 

2. The image has depth and shows the specimen in 
three-dimensional perspective 

No. 26 is designed for examining small specimens. 

No, 23 (illustrated) for large objects. No. 353 Mlum- 
inator provides an adaptable source of illumination 


Name 


\dadlrrens 
Please send me complete information on 
C) Control Metallograph 
CO Research Metallograph 
0 Metallurgical Microscope 
(1) Stereoscopic Microscope 


feereecece---- 
locoesdooau 
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Heat-Affected Zone... 


The as-received material was fine 
grained with the carbide phase well 
dispersed in dot form. Peak tempera 
tures of 2000 and 2200° F. caused 
no obvious change, but considerable 
grain growth and disappearance of 
carbides was caused by peak tem 
peratures of 2475 and 2500° F 
Some evidence of grain growth was 
found at a peak temperature of 
2400° F 

A subsequent sensitizing thermal 
treatment of 1200° F. for 2 hr. en 
abled delineation of grain boundaries 
by etching in specimens that had 
been originally heated to peak tem 
peratures as low as 2000° F., where 
as the grain boundaries in the as 
heated specimens could be etched 
only faintly 

Corrosion tests in boiling 65% 
nitric acid solution for five 48-hr 
periods (fresh solution for each 
period ) showed that the heat 
affected Zone in the as-we Ided con 
dition was not attacked; that is, cor 
rosion rate (A.S.T.M. standard con 
version) is independent of peak tem 
perature After sensitization, the 
corrosion rate is only slightly greater 
for samples exposed to peak tem- 
peratures of less than 2400° F. but 
becomes considerable for samples 
exposed to peak temperatures of 
2400° F. and higher. The corrosion 
attack is intergranular. 

The impact tests of as-welded 
specimens showed no appreciable 
change of room temperature tough 
ness (145 to 155 ft-lb except for a 
slight drop (to 130 ft-lb.) for a peak 
temperature of 2475° F. No impact 
tests were made of the sensitized 
specimens 

It was observed that the dot car 
bides begin to go into solution at a 
peak temperature of 2200° F. and 
are completely in solution above 
2400” F. Incipient melting at the 
grain boundaries at 2500° F. termi 
nates grain growth. This grain 
boundary precipitate is most sensi 
tive to corrosion and occurs in a nar 
row band of the heat-affected zone 
extending about 0.05 in. from the 
bond in a weld of 30,000 joules heat 
input on 1%-in. plate. Kinzel has sug 
gested that the corrosion may be due 
to a high degree of strain at the 
precipitate interface created by a 
lack of registry. 

While the room temperature im 

Continued on p. 174 





TUTHILL PUMP COMPANY EXPERIENCES... 


SINCE USING 


STRESSPROOF 


SEVERELY COLD-WORKED, FURNACE-TREATED 
STEEL BARS 


@ Tuthill knows the rotor is the heart of their pump. Quality 
cannot be compromised, For more than 10 years, Tuthill has 
used STRESSPROOF for rotors (replacing heat-treated alloy 
steel) without a failure! 


Strength is required in these rotors to transmit the power 
through the shaft to the idler gear. Extremely high operating 
speeds mean the rotors must be straight. Wearability is an 
absolute necessity if the rotors are to stand up under severe 
operating conditions. 


STRESSPROOF has all of these qualities. In addition, it is 
readily machinable. Its in-the-bar strength eliminates heat 
treating with its distortion, cleaning and subsequent machin- 
ing problems. No rough machining, heat treating and finish 
machining with STRESSPROOF. The rotors are finish-ma- 
chined from the bar. 


STRESSPROOF’s minimum warpage eliminates all straight- 
ening operations in this case. Its wearability keeps the rotor 
running year after year. It also provides real savings in both 
material and manufacturing costs. 


STRESSPROOF makes a better part at a lower cost. 


AVAILABLE FROM LEADING STEEL DISTRIBUTORS 


COAST-TO-COAST 


Tuthill Model L Series me- 
chanically sealed pumps are 
used in lubricating, hydrau- 
lic, transfer and burning oil 
service. Capacities range from 
Vy to 6 g.p.m., at pressures up 
to 600 psi. The rotors for 
these dependable industrial 
umps are made from La 


Salle STRESSPROOF. 


SAVES MONEY, TOO!” 








WRITE TODAY FOR 


helptul dete bul- 
letin Ne. 15... 
“Iimpreve 
Quelity — 
Cut Costs” 





aA Salle STEEL CO. 


1424 150th Street. Hammond, Indiana 


MANUFACTURERS OF AMERICA’S MOST COMPLETE LINE OF 
QUALITY COLD-FINISHED STEEL BARS 
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Keep your product on the move 















BELTS 


Asnwortnh beits have gained 
Industry-wide acceptance 




















Fabricated from metal of the 
analysis required for the specific 








end use, and designed for max 

imum performance under the 

most severe operating conditions 
7 

Ask the nearest Ashworth Sales 

Engineer to help you analyze 





Sintering of Powdered Meta! Parts 


your problem. 


WRITE FOR 
MLUSTRATED CATALOG 


. M-52 
ame 
us.) 










Soles Bulolo « Chattanooga « Chicago « Cleveland « Detroit - Kansas City - Lowisville 
Los Angeles « New York » Philadelphio « Pittsburgh - Rochester - Seattle - St Paul 
ENGINEES: Sampo Canadian Rep., PECKOVER’S LID. - Toronto - Montreal 














For shop or field—a new 


Portable Tencile Tocter 


Use this compact, precision tensile tester to test 
strip steel, wire, bolts, spot welds, or anything 
else within its 4,000 lb. capacity. Besides its use 
for inspection work in the shop, this portable 
device provides a convincing method of demon- 
strating the tensile strength of various materials 
in sales demonstrations and trade shows. 


Only a moderate pull on the crank is sufficient 
to apply the maximum load. Results are easily 
read from the load gauge. Simple to use, anywhere, 
any time. Write for catalog sheet and price. 














DETROIT TESTING MACHINE COMPANY 





9384 Grinnell Avenue, Detroit 13, Michigan 
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Heat-Affected Zone .. . 


pact strength of the heat-affected 
zone is not appreciably different 
from that of the basis metal, the rup 
ture strength of the region heated to 
a peak of 2400° F. showed a consid 
erable loss of ductility 

W 


L. WARNER 





Contaminants in 
Arc Welding Titanium* 


His is a summary of the work 

done at the Bureau of Mines to 
determine the effect of small quan 
tities of oxygen, nitrogen, air and 
water vapor in the shielding at 
mosphere used for the tungsten arc 
welding of commercially pure titan- 
ium. Earlier work, published in 
Welding Research Supplement, Vol 
32, No. 6, 1953, p. 238s to 291s 
reported the effects of oxygen and 
nitrogen present in quantities great- 
er than 1%, and moisture greater than 
5% humidity. The present paper de 
scribes the results obtained in ex 
tending this investigation to include 
atmospheres containing 0.25 to 1% 
oxygen, nitrogen and air, and 2.5 
to 10% relative humidity. Tensile 
bend, hardness and Charpy impact 
results are reported. 

All joints were made in a welding 
chamber using helium as the pri 
mary shielding gas. The welds were 
made automatically at speeds of 5 to 
6 in. per min. on material %, \ and % 
in. thick. Where filler metal was 
used, it was cut from the sheet being 
welded. For the two heavier gages 
multiple passes were used. 

The results obtained with helium 
atmospheres containing oxygen show 
the tensile behavior to be unaffected 
until the oxygen content of the at 
mosphere reaches 1%. This is prob 
ably due to the fact that tensile fail 
ure at lower values of oxygen o 
curred in the parent metal, and the 
values obtained, therefore, reflect 
primarily parent metal properties 
The bend and hardness tests indicate 
more accurately the progressive in 

(Continued on p. 176) 

*Digest of “Effect of Atmospheric 
Contaminants on Are Welds in Ti 
tanium”, by J. C. Barrett and I. R. 
Lane, Jr., Welding Research Supple- 


ment, Vol. 19, March 1954, p. 121s 
128s. 
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Year 1951 


Lbs./Ton 5 
$/lb. 3.00 


$/Ton 15.00 











1952 


3 
2.25 


6.75 


1954 


1% 
1.00 


1.50 








So rapid has been the advance 
in technical progress and use of 
(Trade Name: MCA 
RareMeT Compound) that in the 


rare earths 


brief span of four years, about one- 
fourth as much is needed to accom- 
plish the desired results, at one- 
third the cost per pound. Now, the 
economics in favor of rare earths 
are ten times as great as they were 


four years ago. 





In OPEN HEARTH STEELS, the 
improvement in addition practice 
is making rare earths more and 
more economical, actually cutting 
production costs. Excellent results 
with STAINLESS STEEL in hot 
workability and increased yield 
have been verified consistently. 

Most steel producers, conscious 
of their customers’ increasing de- 


mands for better quality, greater 


uniformity, and consistently good 
iron and steel are actively engaged 
in research employing rare earths 
If the cost of iron and steel produc- 
ing is at all interesting to you, or if 
customer rejections play any part 
in your operations, it will pay you 
to investigate the intelligent use of 
MCA RareMeT Compound. A letter 
addressed to any office will bring 


prompt and confidential response. 


MOoOLYBDENORM 


CORPORATION OF AMERICA 


Grant Building 


Pittsburgh 19, Pa. 


Offices: Pittsburgh, Chicago, Detroit, os Angeles, New York, Son Francisco 
Seles Representatives: Edgar \. Fink, Detroit, Brumiey- Donaldson Co. Los Angeles, Son Francisco 


Subsidiary Cleveland Tungsten, inc, Cleveland 


Plants, Washington, Pa. York, Po 
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HEAT 
TREATING 
FURNACES 


% 


HEVI DUTY BOX 
TYPE FURNACE 


Hardening piston rings at 
1850° F. is one exacting 
use of this furnace. Hevi 
Duty design and construc- 
tion assures uniform and 
fast heating with low 
maintenance costs in 
electric furnaces for many 
applications. 


HEVi DUTY SHAKER 
HEARTH FURNACE 


This modern production 
tool will either carburize, 
nitride, dry cyanide, or 
bright harden up to 150 
pounds of work per 
hour, The work passes 
through the furnace and 
drops directly into the 
oll quench. Results are 
clean, uniformly treated 
parts with minimum dis- 
tortion. Bulletin HD-850. 


Hevi Duty Electric Company designs, and builds many types of electric heat 
treating furnaces and gas generators, Call on us to help solve your heat 


treating problems. 


HEVI DUTY ELECTRIC COMPANY 


—_—=e MILWAUKEE 1, 


WISCONSIN — 


Welding Titanium . .. 


crease in hardness and loss of duc- 
tility as the amount of oxygen in 
the protective atmosphere is in- 
creased. As little as 0.25% oxygen sig- 
nificantly affects weld hardness and 
ductility. In the heavier gages, as 
the number of weld passes was in- 
creased, these effects became more 
pronounced. 

The embrittlement resulting from 
nitrogen as the atmosphere con 
taminant is somewhat more severe 
than from oxygen, although the re- 
sults follow the same general pat- 
tern. A nitrogen content of 0.25% in 
the shielding atmesphere markedly 
reduces even the tensile ductility of 
the %-in. thick welds. Bend and 
hardness tests show the detrimental 
effect of nitrogen in all welds. 

The data on the effect of moisture 
(from practically nothing to 2.53 
mg. per 1., at 80° F., or 10% relative 
humidity) indicate that moisture has 
only a slight influence on weld prop- 
erties. Bend and tensile values are 
apparently unaffected, although the 
weld hardness was increased slight- 
ly. Since the bend tests on %-in. 
sheet at a bend radius twice the 
thickness of the sheet showed no 
failure, some bends were made at 
1 T bend radius. In this test the weld 
made in pure helium did not break, 
whereas the other three welds 
cracked, This illustrated that mois- 
ture does lower ductility, but only 
very slightly. 

The effects of small amounts of 
dry air on the welding of %-in. thick 
stock gave similar results to those 
obtained with oxygen and nitrogen 
The bend values show the progres 
sive loss of ductility as the con 
taminant level is increased 

A comparison of the Charpy im 
pact values obtained for welds made 
in pure helium, in helium plus 0.25% 
hydrogen, in helium containing 1.25 
mg. moisture per liter, and the longi 
tudinal parent metal reveals very 
little change in impact values for 
these welding atmospheres at testing 
temperatures of 32, 105, 250 and 
320° F. (except for the parent metal 
at 320° F. which is significantly 
higher than the welds). It would 
appear from these results that weld- 
ing itself does not markedly alte: 


the impact properties. The data show 


Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Censtant Current Regulators 


that oxygen or nitrogen present even 
to the extent of 0.25% in the shield 
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ing atmosphere does significantly re- 
duce the impact values observed. It 
is important to note also that hard- 
ness traverses of the 4-in. thick welds 
showed the surface to be more heav- 
ily contaminated than the center of 
the weld. In machining the Charpy 
specimens, the highest hardness ma- 
terial was therefore removed. 

The authors draw the following 
conclusions from their work: 

“1. Welds in titanium up to 4% in. 
thick made in an atmosphere of pure 
helium have tensile and bend prop- 
erties comparable to those of the par- 
ent metal. The lowering of weld im- 
pact properties is not any greater 
than one would expect on changing 
from a wrought to a cast structure. 

“2. Nitrogen, oxygen and dry air 
adversely affect the properties of 
titanium welds when their volume 
percentage (singly) is as low as 
0.25% of the welding atmosphere. 
Heavier gages are more sensitive to 
oxygen and nitrogen, as the last weld 
passes cover a large surface. Impact 
strengths, as well as bend properties, 
are considerably lowered by small 
volume percentages of these con- 
taminants. 

“3. Small amounts of hydrogen 
and moisture in the welding at- 
mosphere have little effect on 
weld properties, including impact 
strength.” D. R. Lusrer 


Causes of 
Catalytic Corrosion* 


I" HAD previously been observed 
that a disintegration of the surface 
sometimes occurred on platinum or 
palladium that was used to catalyze 
a chemical reaction. This phenome- 
non has been called catalytic cor 
rosion. In the known instances of 
catalytic corrosion the chemical _re- 
action had been exothermic, and 
thus the possibility existed that local 
overheating was a factor in produc- 
ing the corrosive action. Therefore 
in the present research a study was 
made of an endothermic reaction 
(the decomposition of ammonia, 
2NH, ~ N. + 3H.) in which this 
complication would be avoided. 
The test materials were iron, cop- 
per and platinum. The polished 
*Digest of “Catalytic Corrosion”, 
by S. Z. Roginskii, 1. I. Tret’yakov and 
A. B. Shekhter, Dokladw Academii 


Nauk SSSR, Vol. 91, 1953, p. 881- 
884. 





HEAT 
TREATING 
FURNACES 


HEVI DUTY VERTICAL 
RETORT FURNACE 


This versatile furnace may 
be used for all major 
heat treating operations. 
Multiple zone tempera- 
ture regulation and the 
positive pressure atmos- 
phere control assure uni- 
form results from heat 
to heat. Bulletin HD-646. 


HEV! DUTY ROTARY 
HEARTH FURNACE 


Designed to operate at 
temperatures up to 2500° 
F. Many of these fur- 
naces are heating jet en- 
gine parts prior to forg- 
ing. A protective atmos- 
phere prevents scale and 
the decarburization of 
high temperature alloys. 
Maximum capacity is 
1500 pounds per hour. 
Bulletin 153. 


At your service ore experienced Hevi Duty Enginwers able te recommend 
that exact furnace for your production system. 


HEVI DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN 
Meat Treating Furnaces... Electric Exclusively 
| Dry Type Transformers Constant Current Regulators 
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Tempilstiks 
i 


A simple method of 
controlling temper- 
atures in: 


© WELDING 

© FLAME-CUTTING 

© TEMPERING 

© FORGING 

* CASTING 

* MOLDING 

* DRAWING 

© STRAIGHTENING 

© HEAT-TREATING 
IN GENERAL 


it's this simple; Select the 
Tempilstik® for the working 
femperature you want. Mork 
your workpiece with it, When 
the Tempilstik® mark melts, 
the specified temperature hos 
been reached. 


gives up 
te 2000 
readings 





Available in these temperatures (°F) 





—— 
113 | 263 | 400 950 | 1500 
125 | 275 | 450 | 1000 | 1550 
138 | 288 | 500 | 1050 | 1600 
150 | 300 550 1100 1650 
= 313 | 600 | 1150 | 1700 
ian | 225 | 650 | 1200 | 1750 
200 | 238 | 700 | 1250 | 1800 
213 | 350 | 750 | 1300 | 1850 
225 363 800 1350 1900 
238 | 375 | #50 | 1400 | 1950 
250 | 388 | 900 | 1450 | 2000 


FREE —Tempil® “Basic Guide 
to Ferrous Metallurgy" 
— 16%" by 21” plostic-laminated wall 


chart in color, Send for sample pellets, 
stating temperature of interest to you. 


GORDON: 
SERVICE:: 


CLAUD S. GORDON CO. 


Manufacturers & Distributors 
Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls + Metallurgical Testing Mochines 

619 West 30th Street, Chicage 16, Illinois 
202) Hamilton Avenue, Cleveland 14, Ohic 
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metal was exposed to a stream of 
ammonia at atmospheric 
and at a sufficiently high tempera 
ture to cause some decomposition of 
the ammonia. Electron mix rographs 
revealed the changes that were pro 
duced on the surface of the metal 

The polishing scratches on the iron 
were completely obliterated after a 
10-min. exposure to the ammonia at 
1150° F. 
appearance of friable porosity. This 
result 


and the surface took on an 
showed there was a strong 
disintegration of the surface of the 
catalyst even for an endothermic re- 
action. Next, the iron was exposed 
for 1 hr. at the same temperature to 
the equilibrium gas mixture, which 
contained 0.042% 
This caused a further 
change in the structure of the sur- 
face, showing that the equilibrium 


was a dynamic one with decomposi 


only ammonia. 


treatment 


tion of the ammonia occurring at 
some points and recombination oc 
curring at others. 

When copper was exposed for 
1% hr. at 1470° F. the polishing 
scratches were obliterated and the 
grain boundaries were sharply re 
vealed. The amount of disintegration 
varied markedly from grain to grain. 
In spite of the higher temperature 
used in this test, the rate of disinte- 
gration was less than for iron. The 
exposure of platinum to 1650° F. for 
7 hr. also revealed the grain bound- 
aries, However, as the polishing 
disappeared, there ap- 
peared in certain grains a set of 
parallel streaks with a spacing of 
0.3 micron. The rate of disintegra- 
tion of platinum was less than that 
of copper. 

Control tests showed that neither 
hydrogen nor nitrogen could sepa 
rately produce the disintegration of 
iron or copper. A slight effect pro 
duced on platinum was attributed to 
impurities. Neither the rate of self- 
diffusion of the metal nor the amount 
of decomposition of the ammonia 
could be correlated with the degree 
of catalytic corrosion observed on 
the various metals. It was decided 
as being likely that an iron nitride 
had formed and that neither copper 
nor platinum could form a nitride 
The investigators concluded that 
compound formation was the most 
probable cause of 


scratches 


a high rate of 
catalytic corrosion and also as that 
it would cause the metal to become 
a cataly st. 

(Continued on p. 180) 
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Photo and data courtesy of The international Nickel Co , Inc 
. 
with 


This intricate collar was formerly 
made in six parts; now it’s pro- 
duced in two by Investment cast- 
ing. It is required in underwater 
“ears” for sub hunting by Navy 
helicopters. 

The former operation required a 
large amount of fabrication and 
handling that proved far too 
costly. The solution was Invest- 
ment casting. This modern tech- 
nique greatly simplified production 
by eliminating all blanking, form- 
ing, pre-machining and welding. 
Final assembly was far easier and 
overall costs were greatly reduced 


Put these real savings to work 
on your small parts production. 


WRITE TODAY for the 
INVESTMENT CASTING STORY 
This free 12-page booklet 
—"“MODERN PRECI- 
SION INVESTMENT 
CASTING”—contains de- 
tailed data on the Invest- 
ment casting process. 


ALEXANDER SAUNDERS & CO. 
Precision Casting Equipment 
and Supplies 
91 Bedford Street - New York 14, N.Y. 
WAtkins 4-8880 





From Vacuum Melting—improved alloys with exceptional properties 
...longer FATIGUE LIFE, for example 


Vacuum-melted alloy steels mean new standards 
of performance in parts subjected to cyclic stress 
ing. For vacuum-melted metals exhibit excep 
tional fatigue properties—even when heat-treated 
to near maximum limits. 

For example, springs ... bolts... bearings. . 
motor and machinery parts of vacuum-melted 
alloys — even jet engine turbine blades operat 
ing under tremendous stress —far outperform 
those of conventional air-melted metals. 

That's because high-vacuum melting literally 
sucks gaseous impurities and inclusions from the 
molten metal . . . eliminates focal points that 
cause fatigue cracking. What's more, vacuum- 


melted metals give you higher creep and stress 
rupture strength better ductility ... im 
proved fabrication characteristics 

Now you can take advantage of the unique 
properties of vacuum-melted metals for your 
applications. For Vacuum Metals Corporation, 
pioneer in development and leading producer of 
vacuum-melted alloys, has them available in 
tool, high-speed, stainless and alloy steels as 
well as special ferrous and nonferrous alloys 
For help with metal problems you believe 
vacuum-melted metals might solve, please write 
in as much detail as possible to Vacuum Metals 
Corporation, P. O. Box 977, Syracuse 1, N. Y. 


VACUUM METALS CORPORATION 


Jointly owned by Crucible Steel Company of America and National Research Corporation 
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BOXES * FIXTURES 

RETORTS * HOODS 

BASKETS * TRAYS 
MUFFLES 


— 
MISCO Expemenct 


1S YOUR 
INSURANCE 


MISCO FABRICATORS, INC. 
Dengaers, Builders, Fabrwaters of Heat Resisting Alley 
and Staintess Stee/ Equipment 


1999 GUOIN STREET * OETROIT 7, MICHIGAN 
TELEPHONE LORAIN F-18458 
in Canade it's Misco Fabricators of Canada, Lid. 
Welland, Ontario 
LAAN PAAR 
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Catalytic Corrosion . . . 


Even in exothermic reactions it 
was considered unlikely that local 
overheating was the leading cause 
of catalytic corrosion. Three possibil- 
ities that seemed more likely were: 
(a) increased mobility of the surface 
atoms of the metal as a result of the 
catalytic reaction; (b) increased mo- 
bility because of sorption of a gas, 
such as ammonia or hydrogen, a 
sorption not connected directly with 
the catalysis; (c) the formation of a 
new phase under the conditions of 
catalysis. These three causes were 
considered to have contributed in 
varying degrees to the catalytic cor- 
rosion of the three metals studied 

A. 'G. Guy 


Corrosion of 
Aluminum Alloys* 


N™ enous field tests were made to 
assess the corrosion behavior of 
Al-Cu-Mg and Al-Mg-Si alloys in at- 
mosphere and salt and river waters 
The samples were exposed for two 
years in nine different localities and 
then were examined and also tested 
for tensile strength. A second group 
of specimens was stretched 5% be- 
fore exposure. The two alloys used 
were H 10-W.P. (0.68 Mg, 0.95 Si 
0.27 Fe, 0.04 Cu, 0.04 Mn) and 
H 15-W.P. (3.8 Cu, 0.74 Mg, 0.54 
Mn, 0.95 Si, 0.25 Fe, 0.02 Ti). The 
aging treatments were 8 hr. at 350° 
F. for H 10-W.P. and 8 hr. at 340° F. 
for H 15-W.P., the H 10-W.P. being 
die quenched, and the H 15-W.P 
being quenched after solution heat 
treatment. A channel section meas 
uring 1% x 1 x 1 in. and 0.1 in. thick 
was extruded from normal batches 
of the alloy billets. The extrusions 
were made by the normal production 
method. 

Microscopic examination showed 
the corrosion of the H 10-W.P. alloy 
to be usually of the intercrystaline 
type, varying in intensity in the va 
rious exposures. In spite of the two 
years of corrosive attack, the tensile 
strength ranged from 31,000 to 


*Digest of “Atmospheric Corro- 
sion and Stress-Corrosion of Alumi- 
nium-Copper-Magnesium and Alu- 
minium-Magnesium-Silicon Alloys in 
the Fully Heat Treated Condition”, 
by G. F. Metcalfe, Journal of the 
Institute of Metals, Vol. 81, Febru 
ary 1953, p. 269-277. 


42,000 psi., which represents an 
average loss in strength of only 
about 3000 psi. The H 15-W.P. al- 
loy was more severely attacked and 
this attack was frequently of the foli- 
ation type. The tensile strengths of 
the stressed samples of both alloys 
did not indicate an increase in cor- 
rosion attack. For the H 15-W.P. this 
is attributed to structural inhomo 
geneities which produce planes of 
preferential corrosion attack parallel 
to the surfaces of the extrusion. Any 
corrosion pits and fissures which start 
from the surface fail to exert any 
stress-raising effect because they are 
turned parallel to the surface and to 
the direction of stressing along these 
planes of inhomogeneity. The sam 
ples exposed at the Sheffield site 
had a greater loss of strength after 
two years than is reported for 51 S 
after three years’ exposure at Al 
toona, Pa. (E. H. Dix, Jr. and R. B 
Mears, A.S.T.M. Symposium on 
Tests on Nonferrous Metals, Vol. 57 
1946). The corrosion rate decreased 
with time. H. J. Roast 


Weldability of Low-Alloy 
Vanadium Steels* 


HIS REPORTS the work done by the 

British Welding Research Assoc 
on the weldability of two high-ten 
sile steels (manganese-nic kel-chro 
mium-molybdenum) in which part 
or all of the molybdenum is replaced 
by vanadium. (The reader should 
review the results reported in two 
previous abstracts, Metal Progress 
for September 1954, p. 200 and No 
vember 1954, p. 174.) 

The weldability was assessed in 
terms of the resistance to crack 
formation in the heat-affected zone 
adjacent to a restrained weld under 
controlled conditions of cooling 
The Controlled Thermal Severity 
(C.T.S.) test was used (described 
by Cottrell in Welding Journal Re- 
search Supplement, Vol. 18, June 
1953). In the present tests, three 
grades of cooling severity were 
chosen: Thermal Severity Numbers 
(defined by Cottrell in the reference 
mentioned previously ) 4 and 6 wer 

(Continued on p. 182) 


*Digest of “Weldability of Twelve 
Low-Alloy Steels Containing Vana 
dium”, by B. J. Bradstreet, Welding 
Research, Vol. 7, October 1953, P 
107-110. 





The high quality of Revere Aluminum 
Products is helping the transportation indus- 
try and a multitude of others to provide con 
tinually better products and services at lower 
cost. Out of Revere’s 154 years of experience 
in producing non-ferrous metals have come 
Revere Aluminum coiled and flat sheet, cir- 
cles, blanks, tube, extruded products, elec 
trical (bus) bar, forgings, rolled shapes and 
foil. Large new facilities greatly increase 
Revere’s capacity to serve you, especially 


with an extensive range of sheet products 
Why not call the Revere sales office in your 
locality, today? Revere Copper and Brass 
Incorporated, Founded by Paul Revere in 
1801, Executive Offices: 230 Park Avenue, 
New York 17, N. Y. 


REVERE KNOWS ITS A-B-C's 


AlWMivuw BRass COpre me - 
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MARTINDALE 
nce A AE, 


ROTARY BURS AND FILES 


Made of high-speed steel. Produced in our own 
factory where uniform hardness is assured by heat 
treating in electric furnaces on which the tempere 
ture is closely controlled by electric eyes 


AAAANAAAAANAAALLD 
ee + eee i WX ALY) 


pare eceoenames B—a— 


Over 200 sizes and shapes (total over 76,000 pieces) 
are carried in stock for immediate shipment 


MOTOR-FLEX UNITS 


Martindale Motor 
Flex Units are 
made in 7 Models 
—24 Combina- 
tions. They vary 
from 1/10 to '/, 
H.P. with verious 
motor speeds 
Available in bench 
pedestal or over 
head suspension 
types 


Complete line of attachments. 


METAL-WORKING SAWS 


Made of 18-4-1 High Speed Steel in 4 types 
for Screw-Slotting. Metal-Slitting, Copper. 
Slitting and other cutting operations on both 
ferrous and non-ferrous metals. 


Diameters range from 1%" to 4” and stock 
tools are made with various numbers of teeth 
and in a wide variety of thicknesses. 


Write for 64 e Catalog No. 29 covering 
above Saws, ROTARY BURS and FILES, and 
many other products for maintenance, safety, 
and production. 


MARTINDALE ELECTRIC CO 





METAL PROGRESS; PAGE 182 


and macrosections were polished and 
etched for the detection of cracks 
Table II gives a summary of the re 
sults of the test. 

It was concluded that replace 


Weldability . . . 


obtained using %-in. thick top and 
bottom plates, and T.S.N. 14 using 


us ’ : yu . 
%-in. top plate on a 1%-in. bottom ment of molybdenum by vanadium 


plate, using only the trithermal weld in a low-alloy steel, such as A, im 


position. proves the mechanical 
for the 


condition without unduly 


properti ‘ 
The 12 experimental steels, made 


in 20-lb melts, were 
forged into 15 * 4 X %&-in plates 


normalized and tempered 
affecting 


(Continued on page 184 


induction 


The cast analyses of 
the 12 steels, togeth- 
el with 


ficen ‘él Table I — Cast Analyses of Experimental Steels 


and B, are STEEI 
Table IL. No MN S! Ni CR 
Low-hydrogen mild 





steels A 

given in 
| 0.12 | 0.57 | 0.11 75108 

steel electrodes were 0.17 | 0.69! 0.11 7 0.90 
used. Other details 0.15 | 0.78 | 0.09 ; 0.92 
of welding procedure 0.18 | 0.74 | 0.05 83 | 0.88 
may be found in the j 0.16 | 0.86 | 0.18 0.97 
paper The welds 6 0.17 | 0.59 | 0.20 7 0.95 
were sectioned not 0.20 0.16 0.71 
earlier than a week 0.17 0.15 I 0./0 


low time for the for 0.13 : 0.14 | < | 0.09 
0.16 0.06 ace | 0.69 


0.15 er 0.13 , 0.62 
0.14 | 0.89 | 0.18 , 0.93 
0.14 1.14 | 0.30 | 0.2 0.66 


] 
] 
after welding to al- O15) 1 7 0.16 0.68 
l 
LA 


mation of hard-zone 


cracks. Hardness 


tests were made 





through the welds 














‘PSC’ RADIANT TUBES in 
Any Vesign COT i. nei 


Send for PSC Heat-Treat Catalog 54 


PSC fabricated tubes furnish four substantial advantages: (!) 
Light-wall construction saves furnace time and fuel. (2) Return 
bends are of same wall thickness os tubes, promoting uniform 
Flow of gas. (3) Smooth dense walls minimize carbon build-up 
and burn-out. (4) Up to 100% longer life. In any alloy, size 
or type, including parabolics. Also sheet-alloy heat-treating 
retorts and covers, boxes, beskets, fixtures, tubes, etc. 


THE PRESSED STEEL CO - Wilkes-Barre 


feu. 
IT cea a 








Machine-Cutting Clears the Way 
to *13,000 Savings 


we 


One steel company is saving up to $13,000 a year by using 
oxygen shape -cutting machines for making ingot and pan 
links from steel plate. 

Previously these parts were forged at an annual cost of 
approximately $30,000. The speed and accuracy of oxygen 
shape-cutting cut costs to $17,000 a year—a savings of more 
than two dollars on each of the 5,000 parts made. 

Machine-cutting setups are speeding fabrication and cutting 
costs throughout industry. Whatever your part-producing 
needs are—cutting hundreds of parts at one time, or one-of 
a-kind turnout—there are Linpe oxygen shape-cutting ma- 


chines to help you save hours and dollars in produc tion time This lightweight portable cutting machine weighs only 
18-lhs.. and can cut metals up to 10-in, thick. lt can out 
LINDE service engineers will be glad to help you determine . ralgeeee: yl thee , 


traight lines, circles, and plate edge preparations in from 
the shape -culting setup to best serve your job needs, Call n. to in, per minute 
your local LinpDE representative for more information. Start 


saving now—call him today. 


Linde Air Products Company 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street UCC New York 17, N. ¥ 


Offices in Other Principal Cities 
nm Canada: DOMINION OXYGEN COMPANY 
Division of Union Carbide Canada Limited, Toronto 


Trade-Mark 





Jnionmelt,"’ and “linde’’ are registered trade-marks of Union Carbide and Carbon 
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Weldability . . . 


its good weldability with low-hydro- 


gen electrodes. The steel which gave 

0-M ETERS the best combination of weldability 

and mechanical properties was one 

containing approximately 0.17% C, 

. . for measuring industrial gases 0.70% Mn, 0.70% Ni, 0.90% Cr 

0.22% V, with a yield stress of 77,- 

800 psi. when %-in. thick plate was 
normalized and tempered 


Here at last is the truly modern 
flo-meter that offers important and 
exclusive advantages for every user. 


1. Easy to clean. No tools are needed This investigation confirms the 
for disassembly . . can be completely findings of many in this country of 
cleaned and reassembled in 2 minutes. the beneficial effects imparted to 
Easy to read. 6” scale gives extra low-alloy steel by vanadium by in- 
visibility. Exclusive Waukee tabs creasing the yield strength of nor- 
identify in large red letters gas being malized or normalized and tem- 
measured. Eliminates mistakes. pered steels without impairing weld- 

3. Built-in control valves. Operators ability. From the fundamental data 
can easily see flow change. reported it would appear that all of 

4. Easy to mount. Can be panel mounted the molybdenum could be replaced 
. . piping is simpler, installation by 0.14% or more of vanadium with- 
costs less. out imparing either the mechanical 

For additional information request properties or the weldability. The 

bulletin #201. 0.22% V steel gives slightly higher 

yield strength than the 0.14% V and 
one would have to balance the gain 


against the added cost. ~) 


ENGINEERING COMPANY 


403 E. Michigan Street, Milwaukee, Wis. 


Table Il — Summary of Results 





STEEI YIELD, CRACK- 
No Psi r.S.N.* INGt 





62,700 14 0 
78,500 b 0 
14 <] 
74,600 14 0 
ENGINEERED MACHINE 5 | 260| 6 | 0 
14 
95.500 


01.200 


72.000 
65 000 


62.000 
78.900 


Washes both Aluminum and Steel Sheets 


8,300 


“CHEMICALLY CLEAN" 


To get aluminum and steel sheets, cov- traces of oil and dirt—then designed } 69,900 

ered with mill oil and shop dirt, “chem- and built this special wash-rinse-dry 66,600 Reeve 
— a — > ey Nae J for machine. It has more than filled the test 
the riect w -to-meta re- , : 

poo He by a scaneliesinies of decorative panel manufacturer's sequisements. *No < ioe aremecnd ¢ a 
panels, A-F Engineers shop-tested vari- Perhaps you have a troublesome — ne - — wo 
ous methods for over 30 days to find metal products cleaning and finishing made with lower Thermal Severity 
the one method that would remove all problem. A-F Engineers can help you! Numbers than those listed 











tPer cent average cracking in ver- 


Write for new FREE 28 page folder today! tical leg 


THE ALVEY-FERGUSON COMPANY gWelding tests on stecls A and B 


165 Disney Street CINCINNATI 9, Ohic were conduc ted on a Reeve test assem- 


West Coast Plant, 760 N. Georgia St., Azusa, Ca bly so as to produce severe conditions 
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NEW Bew 





3200 ™: 


Refractory 
Concrete 


Today, in some types of heating and melting furnaces, complete 
linings or sections of linings are subjected to temperatures 
over 3000 F and, with the trend to higher and higher operating 
temperatures, the problem of finding the most economical 
refractories for this “over 3000 F service” will become even 
more important. 


Now, with B&W’s new Refractory Castable-3200, furnace builders 
and operators can cut installation costs by using castable 
construction for services up to 3200 F. As easy to use as other 
B&W refractory concretes, B&W Refractory Castable-3200 can be 
poured or trowelled into place or applied with a cement gun. 


Several years ago, B&W developed Kaocast, the first successful 
3000 degree refractory concrete, to lead this high temperature 
castable trend. B&W Castable-3200, like Kaocast, is made with an 
alumina-silica base and is recommended for temperatures from 
2600 to 3200 F. Because of its very high temperature properties, 

it is not recommended for temperatures below 2600 F. 


If you have not taken advantage of the fast, low cost installation 
of castables for your high temperature requirements, we suggest 
you investigate B&W Kaocast and the new B&W Castable-3200. 
Your local B&W Refractories Engineer has all the facts. 


A Mixed like structural concrete, 8&W Refractory Costable-3200 can be 


poured, trowelled or gunned into ploce. « 8B High temperature labore- 
tory furnace lined with BAW Refractory Castable-3200. 


BABCOCK 


BAW REFRACTORIES PRODUCTS: B&W Alimul Firebrick * B&W 80 Firebrich | aeomnnee 6 
B&W Junior Firebrick * B&W Insulating Firebrick * B&W Refractory Castables, Plastics and Mortors / CHS 16 ter 
OTHER BAW PRODUCTS: Stotioncry & Marine Boilers and Component Equipment 
Chemicol Recovery Units * Seamless & Welded Tubes * Pulverizers * Fuel Burning Equipment 


Pressure Vessels * Alloy Castings 





A SPECIAL REPORT ON PROTECTIVE FINISHES 


FOR ALUMINUM 


Most aluminum producers and fabricators are well aware 


of the superiority of chemical finishes over anodizing for 


the protection of aluminum from corrosion. Naturally, 


then, there is a running battle for acceptance among the 


leading producers of the protective chemical finishes. 


That’s why, here et Allied, we have 
always studied your needs with regard 
to both our own and competitive pro- 
cesses. We're constantly trying to pro- 
duce new and better finishes because 
we believe there’s always room for 
improvement . . even to our own 
products. Some years ago this policy 
led to the introduction of a process, 
long in development, that offered you a 
way to overcome anodizing’s obvious 
technical complications... Iridite #14. 
This finish was far easier to use than 
anodizing, yet provided comparable, 
if not superior, quality. And, its cost 
was much less than anodizing. 


But other finishes offering similar ad- 
vantages over anodizing have entered 
the market. So . . . the current battle 
for acceptance. By any cost comparison 
Iridite #14 is the most economical, 
However, corrosion tests by users show 
contradictory results as to performance 
from Iridite #14 and other leading 
protective finishes for aluminum. Most 
tests show Iridite #14 superior, but 
some do not. The margin of difference, 
however, is always small. The truth 
is that all have proved good. However, 
our laboratory research indicated that 
still further improvements could be 
made, 
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That knowledge . 
give you even better protection and 
maintain the leadership of the industry, 
is exactly why Allied Development 
Engineers have been working for long 
years to develop a better finish than 
any of those new available, including 
our own Iridite #14. 


. plus our aim to 


Now the new finish is ready for you. 
It’s called Iridite # 14-2 (Al-Coat). 


From a performance standpoint, Iridite 
#14-2 gives you two important advan- 
tages in the protective finishing of 
aluminum. 


FIRST: in its fully colored brown 
film stage it provides corrosion 
resistance decidedly superior to 
previous processes. 


SECOND: the basic brown film can 
be hot water bleached to produce a 
clear-type film with protection here- 
tofore unobtainable from clear-type 
chemical finishes. 


From an operating standpoint, new 
Iridite # 14-2 gives you three important 
advantages. 


FIRST: it provides consistently 


higher corrosion resistance for dif- 
ferent aluminum alloys treated in 
the same bath. 


SECOND: it provides a more 
uniform appearance for parts of 
different alloys and with varied 
surface finishes before treatment. 


THIRD: its operating and technical 
characteristics are superior to those 
of other processes. 


If you are using or planning to use a 
chemical finish for aluminum, you 
should have full details on new Iridite 
#14-2. Write us or send samples for 
free test processing. Or, for more im 
mediate advice, call your Iridite Field 
Engineer. He’s listed under “Plating 
Supplies” in your classified telephone 
book. ALLIED RESEARCH 
PRODUCTS, INC., 4004-06 EAST 
MONUMENT STREET, BALTI 
MORE 5, MARYLAND. 


P. S. Even new Iridite #14-2 will be 
constantly measured against both your 
needs and competitive processes to 
make sure you get the best possible, 
most economical finish for your product 
that man and the 
develop. 


laboratory can 
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FOR BRIGHT NICKEL BARREL PLATING 








The H-VW-M Nickel-Lume Barrel Plating Process is ideal for producing bright-from- 
the-barrel decorative nickel coatings on small automotive parts, jewelry, novelties, 
nail clippers, files, hardware, fasteners, screws, and similar items. The new process 
is an application of Nickel-Lume, which made its appearance a year ago as an 
outstanding development in a bright nickel for rack plating. 


Barrel installations have been in operation in the field for some time with many 
enthusiastic users. An important feature of this bright-nickel barre! process, is the 
consistency of color maintained even in recessed areas, as in hard-to-plate threaded 
parts. Subsequent chromium plating can be handled with ease since the nickel 
deposit is very active and, unlike many bright barrel processes, is not brittle. 


Advantages of Nickel-Lume Barrel Plating are: exam 


4 


Uniform Brightness—deposits, right out of the 
barrel, are uniformly bright with a pleasing 
“clean,” white color even in hard-to-plate areas. 


Low Stress—deposits are ductile and have a low 
compressive or tensile internal stress. 


Activation Not Required—no activation is re- 
quired between the nickel and chromium or 


Complete Control—complete analytical control 
of all constituents. 


Wide Operating Range—current density and 
temperature have a wide range with no resultant 
loss of brightness. 


Good Corrosion Resistance—nature of the addi- 
tion agent plus constant deposit characteristics 


f 
| 


other subsequent deposits. give a high level of protection to the plated 
surface. 

High Tolerance To Impurities—organics are 
tolerated in greater concentrations than in other 


Stability—not a “fussy” bath—remarkably stable 
bright baths. 


over long periods of operation. 


Nickel-Lume for Barrel Plating is the direct 
resule of continuous research conducted at 
H-VW-M ... another example of Platemanship 
in action. Complete details and a new instruc- 
tion manual will be forwarded on request. 


y Race | 
Syne gis 


HANSON-VAN WINKLE-MUNNING CO. © MATAWAN, WN. J. 


Plonts: Motawen, N. 4. * Grand Rapids, Mich 

—~ : SALES OFFICES: Anderson (ind.) * Baltimore * Beloit (Wisc.) * Boston 
7 oe —— of ploting «Bridgeport * Chicago * Clevelond * Dayton * Detroit * Grand 
end poliching—of a complete Rapids * tLosAngeles * tLovisville * Matewen * Milwaukee 
equipment, process ond sup- New York * Philadelphia * Pittsburgh * Plainfield * Rochester 
ply line for every 4. St. Lovis Sen Froncisco 8=— * ingfield (Moss.) ° Ute 


Wallingford (Conn ) 


INDUSTRY'S WORKSHOP FOR THE FINEST IN PLATING AND POLISHING PROCESSES « 


Your H-VW-M combination— 
of the most modern testing 
ond development laboratory 


EQUIPMENT + SUPPLIES 
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AT THE FRONTIERS OF PROGRESS YOU'LL FIND 


Get Airco Inert-Gas Welding into your Production Picture! 


Lower costs through quality and speed .. . that’s 
Airco’s answer to your production problem — even 
when the materials include aluminum, bronze, cop- 


per, nickel, stainless steel . . . all engineering metals. 

The Aircomatic welding unit, for example, was 
researched and designed by Airco to produce top- 
quality welds . . . especially in “problem” metals and 
alloys without flux... with minimum plate edge 
preparation and little or no preheat. In performance, 
Airco’s Heliwelding is similar — though engineered 
for high-speed welding of thin sections of metals — 
any metals. 


And with the newest Airco addition to inert-gas- 
shielded welding, Aircospot, you can weld from one 
side of the joint — eliminating jigs and backup plates. 
Aircospot is the perfect primary tool for fabrication 
and no finer cost-saving tool for tack welding has 
ever been devised. 

You'll want to learn more about how Air Reduc- 
tion's inert-gas-shielded arc welding processes can 
serve you. Contact your nearby Airco Representative, 
Authorized Airco Dealer — or write Airco direct. 


ores VISIT BOOTH 254 


Air Repuction 


60 East 42nd Street e New York 17, N. Y. 


Divisions of Air Reduction Com 
incorporated, with offices 

im most principal cities 

Air Reduction Sales Company 
Air Reduction Pacific Company 
Represented internationally by 
Airco Company Internationa! 
Foreign Subsidiaries 

Air Reduction Canada Limited 
Cuban Air Products Corporation 


Products of the divisions of Air Reduction Company, Incorporated, inciude: AIRCO — industrial gases, welding and cutting equipment, and acetylenic 
chemicals © PURECO — carbon dioxide, liquid-solid ('DRY-ICE") © OHIO — medical gases and hospital equipment © NATIONAL CARBIDE — pipeline 
acetylene and calcium carbide © COLTON CHEMICAL COMPANY — polyvinyl acetates, alcohols and other synthetic resins. 
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Metallurgical Aspects of 


GAS-AIR FLAME 
HARDENING 


Gas-air flame hardening, applied to numerous 
components, such as gears, pinions, rollers, shafts, 
cams, wheels and cylinders, has proved to be the 
most economical production method for developing 
greater strength and longer life for critical service. 
This hardening method, using regularly-supplied 
fuels (manufactured gas, natural gas or propane) 
with air to support combustion, permits localized 
heating, closely controllable, to develop full surface 
hardness and controlled depth of hardness. 

A Selas gas-air flame hardening unit typical of 
those being used by commercial heat treating estab- 
lishments and by heat treating departments of in- 
dustrial plants is shown in fig. 1. In this illustration 
a shaft pinion has been heated for hardening of the 
teeth. The operation is complete after quenching 
and tempering. In most hardening units of this type, 
quench tanks (oil or water) are located directly 
below the heating station to permit a rapid transfer 
of the work-piece to produce the required hardness 
established by the heat pattern. 

For this and similar large work-pieces (to 40” 
diameter and 5” face width) it is generally required 
that surface hardening over the tooth area extend 
to a substantial depth. Gas-air burners permit this 
heat penetration without overheating of the surface 
metal. Transition of hard surface metal to softer 
core metal is gradual, minimizing residual stress 
concentrations. The treatment thus develops a hard, 
wear-resistant surface with a tough, shock-resistant 
core for critical service applications. 

Gas-air flame hardening is also applicable to small 
work-pieces where development of a proper heat 
pattern requires more precise control of the heating 
and quenching. Fig. 2, a macro-etch of a section 
through a small gear (3” O.D. by '4” thick), illus- 
trates this type of hardening. The photomicrographs 
indicate full hardening of the teeth and hardening 
to a shallow depth at the root of the teeth. This 


pattern is highly desirable in preventing a common 
type of failure, breakage of the root, which is a 
bending fatigue failure, usually starting in the fillet 


at the surface. The high hardness over the tooth 
surface prevents wear, or removal of metal from the 
surface. Distortion is minimized by controlling the 
heat to limit hardening to these critical areas only 

Two types of burners are available to provide 
versatility with gas-air flame hardening. For heating 
large areas, radiant cup burners provide rapid heat 
transfer rates to the work-pieces by radiation from 
the highly incandescent ceramic cup surface and by 
convected heat of the hot gases without flame im 
pingement. For localized heating, “Super-heat’”’ type 
burners effect heat transfer by the convection effect 
of high velocity combustion gases issuing from a 
restricted outlet slot in the burner 

Both types of burners use premixed gas-air, sup 
plied by a Combustion Controller, and no bottled 
oxygen is required 


Selas Corporation of America 
Philadelphia 34, Pa. 
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SERIES 536 INDICATING 


Free-Vane 
Electronic 

Pyrometer 
Controllers 


A new development in automatic temperature control 
featuring... 


@ A UNIQUE ELECTRONIC CONTROL SYSTEM, which per millivolt. All ranges are critically or over damped. 


i ti t : » controll 
gives a new quality of automatic control. The controller @ OUTSTANDING MECHANICAL DESIGN for easy in- 


stallation, interchangeability, and simplified servicing. 
All units, including pyrometer unit, electronic control 


is extremely stable, rugged, and sensitive. Very minute 
changes in the measured quantity at the control point 

003” ale ' 
(less than 0.003” on the scale) closes or opens the unit and proportional input walt ome parate The 


Thyratron oper ited relay with positive trigger action 


electronic control and proportional input units plug in 


making it impossible for the relay to flutter or chatter No routine adjusting or attention needed. Series 536 In 


Control action is unaffected by changes in ambient tem dicating Free-Vane Electronic Pyrometer Controllers 
perature, line voltage, or wide variations in tube chat are available as thermocouple and radiation pyrome 

ters in ranges up to 4000° F, for L, H, LH, HOH, and 
@ A NEW MILLIVOLTMETER MECHANISM for greater LNH control and for L and H with proportional it 
accuracy. High-torque, rugged, jeweled mechanism has control, Write for Bulletin P1248. The Bristol Cor 


80 ohm coil, Alnico 5 magnet, a sensitivity of 15 ohms 106 Bristol Road, Waterbury 20, Connecticut 


id THE DEPENDABLE GUIDEPOS?T 
OF INDUSTRY 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 


acteristics, 
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Pour Water and Gasoline in this Tank— 
and the Car Will Run! 


The OILITE® permanent metal filter makes 
this gas tank different from that of most cars. In- 
stalled as standard equipment in all Chrysler- 
built cars since World War II, it not only pre- 
vents water from entering the fuel line but keeps 
out all foreign particles. 

Army Ordnance tests demonstrated its effective- 
ness. Experimental installations were made in a 
number of Army trucks using—-(1) standard tube 
fuel intake (with filter at carburetor end of fuel 
line) (2) floating filter (3) OILITE filter. 

Two pints of ice crystals were put in the trucks’ 
fuel tanks. Those with the standard tube failed 
to operate after 10 seconds. Trucks with floating 
filters stopped after 14 minutes, while those 


CHRYSLER AMPLEX PRODUCTS 
OILITE Bearings 
Permanent Metal Filters 


Dn 


Friction Units 


CHRYSLER CORPORATION - 


Only Chrysler makes OILITE 


equipped with OILITE filters continued operating 
indefinitely without interruption, providing a 
steady flow of clean gasoline. 

OILITE fuel filters are good for the life of the car. 
The filter allows ample flow even with 98° of the 
pores blocked. Tin plating prevents excessive gum 
deposits while the sloshing action in the tank 
keeps the surface clean. 

OILITE permanent metal filters can help you in 
many ways. They are unusually successful for 
depth filtering, diffusing, metering, separating 
and flame arresting. 

The engineering facilities of Amplex and Chrysler, 
unmatched in the powder metal industry, are ready 
to assist you. Call or write today for information 


T'S NEW! IT'S FREE! 


ret complete is 


me 
hine 


Finished Machine Parts 


AMPLEX DIVISION 


Dept. H-5 Detroit 31, Michigan «+ Overseas Distribution—Chrysler Export 
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THROUGH THICK OR THIN— 
HIGH QUALITY RADIOGRAPHY 

















Whether your radiographic problem involves metal 
sections 5 inches thick or “% inch thin, HicH 
VOLTAGE’s new Model JR Van de Graaff will yield 
radiographs of unmatched clarity on a production 
basis. No other industrial x-ray equipment has ever 
provided such versatility. 

The JR is the only completely transportable 
source of one-million-volt x-rays available. It can 
be installed on a newly developed mobile motorized 
mount or located permanently in the smallest space 
at the lowest cost on any x-ray generator in its 
energy range. 

A point source of x-rays less than 1 mm in 
diameter, substantial savings in set-up time, a power 
requirement of only 2 KVA — all these characteris- 
tics add up to low-cost, accurate radiography 

If you'd like additional information about this 
new Van de Graaff, write for Bulletin JR. 


Hich VoLTraGe ENGINEERING CORPORATION 
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TO CAST?—OR NOT TO CAST? : | | 
IS THAT YOUR QUESTION? | | 7 


: 
Objective approach to the CORRECT ANSWER, the | 
optimum SOLUTION, begins with (A) ENGINEERING ' 
EVALUATION of YOUR JOB, in terms of (1) Parts 
treated, (2) Quality, UNIFORMITY, and production, ex- } 
pected, and attainable. (3) handling, furnace, and all 
operating factors, and VARIABLES. (B) ENGINEER- 
ING EVALUATION of all INTEGRATED Design- 
Process, Metallurgical, and Economic factors, beneficially 
applicable to FUNCTIONAL-DEPENDABLE,—Lowest- 
Cost of Product and Maintenance on YOUR JOB. (C) 
From this technically, and logically SOUND Approach, 
on the UNIQUE basis of 35 years of unequalled EXPERI- 
ENCE, and wnprecedented research and development, 
GENERAL ALLOYS ENGINEERS develop specific de- 
signs, and, if indicated,—alternate proposals for execution 
by G. A. New England CRAFTSMEN, by processes best 
applicable. Cast, wrought and composite fabrication as 











































— 
INDICATED FOR OPTIMUM SOLUTION of YOUR 
SPECIFIC requirements, are recommended. 4 : ~~ — Pee _ 

GENERAL ALLOYS COMPANY, a national ENGI- 4 : . uh, 
NEERING organization, should not be confused with 4 brida 
“Foundries”, and “Fabricators”. We began designing and i H ear : 3 | W283 PET 
producing castings, wrought and fabricated Heat-and- a eid et Tein ine ie mr ¢ Tf teh 
Corrosion-Resistant Alloys EXCLUSIVELY in 1919. ise! gee Spe: GBs 1 SSeS | 

rere — -« 

We DESIGN about 95% of our product for specific o— ; ; : ; | ' 
applications. REMEMBER that all metals begin with a ; H } { ae $e He! 853 
casting, and that a weld is a casting. G. A. control of proc- SS Sse 28, 2S ES a 
ess from raw materials to finished product is an AD- free i | } 

VANTAGE. hh ame mt 
" ; ’ 

CAST, SHEET, ROD, BAR, STRIP AND WIRE, ESE tee ‘eee | 
WROUGHT AND COMPOSITE G. A. FABRICATIONS tet 
ARE ILLUSTRATED. They are, (top-to-bottom), (1) o- : At 
Q-Alloy “Serpentine” furnace tray—Ford Motor Co. (2) cee eae WS2E See wee, 

X-ite “Thermo-fiex” tray—Auburn Clutch Co. (3) Q- ° . ' ; t 

Alloy-B. Lever-shaft gas-carburizing fixture for mounting , ry " r ‘ , 

on cast tray-Chrysler Motor Co. (4) Composite furnace inn jane june, ume! [emul [SNe SNS en ee 
combustion-tube, 3/16” welded Inconel! straight tube ' r : . 

“Tough spots”, (bend and burner-end) are G. A. Castings i ; A ae 

G. A. FABRICATING DEPARTMBNT HAS BEEN oe teres eee ee 
GREATLY ENLARGED TO MEET DEMAND for mit a vee) war ] 
ENGINEERED, Metallurgy - Process CONTROLLED ie. 


ALLOY Products, which G. A. EXPERIENCE, and 100% 








ALLOY organization INSURES. 


Inquiries for ENGINEERED Heat and Corrosion re 
sistant Castings and Fabrications Solicited. 


GENERAL ALLOYS COMPANY 
405 W. First St., Boston, Mass. 


Offices and Representatives in Principal Cities 
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New “all-electric” Baldwin SR-4° Testing Machine at Universal-Cyclops 


measures electrically both tensional loads 
and strain on “SUPER ALLOYS” at 2200° F. 


In the modern laboratory of Universal-Cyclops Steel 
Corporation, Bridgeville, Pa., “super alloys’ for high 
temperature service are being tested at 2200° F. by a 
unique new Baldwin machine. Model FGT SR-4 is elec- 
trically powered and measures electrically both applied 
tensional loads and resulting specimen strain. 

SR-4 load cells at the bases of the two columns sense 
loads up to 50,000 Ib. in tension or compression. These 
cells control both the load indicating pointer and the 
recorder pen movement. 

Strains of 0.160 in. diameter, l-in. gage length button- 
head specimens, measured by a SR-4 type extensometer 
are transmitted electrically to the recorder. Close control 
of the strain rate is an important factor in these high 





temperature tests. The FGT’s motor drive’s loading 
control can be regulated to vary testing speeds from 
0.025 to 9.0 in. per minute 

Univeral Cyclops is using an ingenious rotary jig to 
speed up greatly the frequency of tests at elevated tem- 
peratures. Eight electric furnaces on this jig heat test 
specimens simultaneously. Each is swung into testing 
position with a minimum of delay. This revolutionary 
new testing machine can give you automatic load reversal, 
creep tests, stress relaxation tests, shock tests as well as 
simple tension and compression. For complete detailed 
information please write today for Bulletin No. 4206. 
Address Department 2724, Baldwin-Lima-Hamilton 


Corporation, Philadelphia 42, Pa. 


TESTING HEADQUARTERS 
BALDWIN - LIMA -HAMILTON 











Deep-draw costs come down -—fast... 


thanks to the Pennsalt FOS 
Process. Any way you look at it, 
severe deep-drawing of automobile 
parts, such as these bumpers, is 
being made easier, cleaner, and more 
economical by modern Pennsalt 
drawing lubricants. Steel strip comes 
to the dies pre-coated with Foscoat 
40 and Drawcote. Foscoat is a phos- 
phatizing compound that prepares 
the work for the appropriate dry 
FOS lubricant; Drawcote (product 
of Pennsalt’s newly-acquired Gilron 
Division) forms a dry, homogeneous 
protective and lubricating film to speed 
the most severe drawing operation. 


With these two Pennsalt chemicals, 
the auto industry is deep-drawing, 
stamping, and extruding steel parts 
at much lower cost than was pre- 
viously possible. Die life is greatly 


increased. Plating is smoother with 
less finish buffing, because drawn 
parts are freed from die seizures, 
scratching, and irregularities. And 
these modern dry lubricants make 
the press shop a cleaner, safer place 
to work in. 


For the severest deep draws in fer- 
rous metals, the combination of 
Foscoat and Drawcote is literally 
working wonders. For lighter draws, 
and for certain special applications, 
Drawcote alone is recommended 
With the full FOS line (Fosclean, 
Fosrinse? Fospray, Foscoat? Draw- 
Foslube®), Pennsalt offers a 
process to meet every ferrous metal 
drawing requirement. And what is 
more, metal pre-coated with the 
FOS Process seldom needs re-coat- 
ing for the next press stages. 


cote; 


For information on the Pennsalt 
FOS Process to fit your drawing or 
stamping needs, send blueprints of 
parts you're cold-forming, and give 
us details on type of steel, length of 
run. No obligation, of course 
Customer Service Department 
Pennsylvania Salt Manufacturing 
Company, 1102 Widener Building 


Philadelphia 7, Pa 


an 


Pennsalt 
Chemicals 
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Metais Engineering at 


As described by K. R. Knoblauch, 
Metals Industry Sales Manager, 
Minneapolis-Honeywell Regulator 
Company, Industrial Division 


“Every design and production decision we 
make is based primarily on analysis of the 
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metals and engineering factors involved. 

“In Product Development, for instance, our 
Metals Engineers not only recommend the 
metals and their sources, but also select 
ceramic materials and components. Our Metals 
Engineers in the Industrial Engineering and 
Raw Materials Departments then service the 
manufacturing stages, buying material accept- 
able to our metals engineering group as a 














Inspecting a Brown ElectroniK multiple point strip chart recorder, 
which is undergoing final test in one of Honeywell's Philadelphia 


plants, are K. R 


Knoblauch, Metals Industry Sales Manager; 


B. W. Smukler, Buyer of Raw Materials; A. F. Allwein, Development 


Engineer; G. E. Tranter, Industrial Engineer 


all members 


of the American Society for Metals and readers of Metal Progress. 





Minneapolis-Honeywell 


whele, saying what and where it is to be 
purchased. 

“Customers frequently ask us for assistance 
in the processing of metals, die castings, 
forgings and the like. Thus our metals engi- 
neering influence extends through all phases 
of metalworking, into heat treating, machin- 
ing and finishing, in customers’ plants as well 
as our own.” 


Magazine of 26,000 
Metals Engineers 


Metal 
Progress 


A publication of the American Society for Metals 


Originator and sponsor of the National Metal Exoosition 
7301 Euclid Avenue, Cleveland 3, Ohio 
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SCHENECTADY, N. Y.--A G.E. motor depart- 
S| ment uses this General Electric roller-hearth 
my annealing furnace for economical silicon-steel- § 
annealing of rotor and stator punchings. 


WIDE VARIETY OF G-E 
ANNEALING FURNACES 
NOW LETS YOU ANNEAL 
SILICON STEEL RIGHT 
IN YOUR OWN PLANT 





Take a tip from General Electric, 
user of about 25% of the country's 
production of silicon steel— you can 
cut costs by annealing your own 
silicon steel. There's a General Elec- 
tric silicon steel annealing furnace 
for nearly every type of annealing 
application—-large or small. For 
example, the furnaces at right are 
located in different G.E. plants, each 

‘ one G-E ELEVATOR FURNACE at Rome, Ga. plant G-E BELL FURNACE, Waynesboro, 
handling a different size silicon- spine - ‘ ee die 

; is used for high temperature annealing of trans- Va. Low-production unit anneals 

steel-annealing job economically. former cores-—furnace fits in minimum space machine parts at low cost 


ia - 





PROBLEM: 


Annealing silicon steel in an automated setup 


SOLUTION: 


G-E roller hearth furnace anneals stator 
punchings and weld in one pass, cuts costs 


A roller hearth furnace in the new automated 
production line for one of G.E.’s motor depart 
ments anneals 1500 pounds of rotor and stator 
punchings an hour—helps produce a Tri-Clad* 
55 motor (7!4 to 35 hp) every 2'4 minutes 
The stator punchings and weld are annealed 
at the same time. This eliminates the cost and 
time involved in making two passes through 
the furnace. Only one man is needed to oversee 
the complete annealing operation. 


IN ADDITION TO G-E furnace quality, here 
are the advantages you receive when you deal 
with G.E. on silicon steel annealing: 


(1) TECHNICAL KNOWLEDGE -G-E research 
helped pioneer the development of silicon steel 
for improved magnetic properties. 


*Reg. trodemork of General Electric Company 


(2) EXPERIENCED USER -G.E. uses about 25% 


of the total production of silicon steel. 


(3) EXPERIENCED BUILDER -G.E. offers a com 
plete line of furnace and control equipment 
for your silicon steel annealing. 

(4) APPLICATION HELP—plus installation su 
pervision—assure you of the most efficient 
furnace installation. 

(5) MAINTENANCE SERVICE —Nearly 200 G-E 
service shops, located throughout the country, 
are ready to help you 24 hours a day. 


ASK FOR THE SERVICES of your local G-E 
Apparatus Sales Representative in assessing 
the economies of annealing silicon steel in your 
plant. Just call your nearby General Electric 
Apparatus Sales Office. 


GENERAL @@ ELECTRIC 


FREE PROCESS BULLETINS 


Please send me the Modern Heat Processing 
bulletins I have checked below 


Protective Atmes- 
pheres, GEA-5907 


Annealing Malleeble 
tron, GEA-5797 


Furnece end induction Wire Enameling, GEA- 
Brazing, GEA-5889 6179 


Heat-treating Alumi- 
num, GEA-5912 


) Ferging with Induction 
Heet, GEA-59863 


General Electric Compeny 
Apperatus Seles Division, Section B721-4 
Schenectady 5, New York 


Position 


G-E MESH-BELT FURNACE located at Ft. Wayne, Ind. plant blue- 
anneals rotor laminations. Ideal for medium production, the mesh-belt 
furnace is flexible for use over a wide range of temperatures and speed 


Compony 


City 





METALLURGICAL MICROSCOPES 


by UNITRON Now ... the Fourth 


We invite you to try any model in your own Great Edition 
laboratory for 10 days at no cost or obligation! 


UNITRON METALLOGRAPH 
and UNIVERSAL CAMERA 
Microscope, New Model U-11 


@ For viewal observation, measurement, and 
photography of beth opaque and trans- 
parent specimens. 

Bright feild, dark feild, and polarized ii- 
lumination 

Revolving nosepiece with & objective 
lenses, 4 photographic eyepieces, 3 viewal 
evepieces. Coated optics, Magnification 
range: 26-2000X 

Compact and entirety self-contained with 
built-in 3%" =x 4%" camera, high-inten- 
sity ittuminater, variable transformer 
The image is automatically in focus in 
the camera—transition from observation 
te photography is instantaneous 


Transmitted light accessories for trans 


parent specimens inciuded. é ‘ 
Calibrated square mechanical stage with 
calibrated rotatable stage plate. 


Many other important features and acces- 
sorles including calibrated polarizing 


apparatus, filters, m crometer eyepleces. 
flim holders, ete. Cabinet. 

4S mm camers attachment, tow power 
(5-40K) accessories, and binocular eye- 


piece available at extra cost. 


cowrsent™ $1145. || TREATMENT”’ 


UNITRON Laboratory Model MMU and Student Model MMA by Dr. Marcus A. Grossmann 
These models pioneer several new fea- Features of Model MMU include 


tures avaliable for the fret time and, eserves 0nd Que tecusies. 


in addition, Inetude features found Core Ot aan A storehouse of vital, useful and 
only in instruments setiing for welt cal brated drawtube. 


For metals and ether opaque speci- 
mens and alo transparent specimens 
under beth ordinary and polarized . 

fobs, Ghote modes fap tupenss the (ttestretes) $287 processes and tricks of the trade that 





10%, 40%, 100% oft. of heat treatment . ... job-tested 
cost jeces: POX, PIOK, KISK, 


. 
. 
: , 
over twice our unusually low prices. © polarizing apoaraius and § Alters helpful information on every phase 
. t 
2 


usual metal'uraical microscope in ver- COMPLETE only 
satility and make ideal ali purpose 
laboratory microscopes. 


@ transformer built into microscope 
base. 


will help you do a better job... 
bet 5-hole di . "a ihre 
tre mbeaghcs sa broaden your knowledge of the 
@ |t um nator mounts on stage tor 5x 
designed for visual observa- eraduated circular rotatable 


Features of Model see include help you cut costs and boost pro- 
single focusing control. duction and greatly sharpen and 
@ vertical iiaminator with iris dia- frosted fiiter 
phragm and Miters sed. s ~ one with objectives . , , , 
right move at the right time! 
oblique lighting. eyepleces x "’x, 16x 
. Mominater mouate substage for $1 49. 
ransparent specimens. 
@ coated estios. COMPLETE only Ad 
: UNITRON Model MEC © filters: polaroid. frosted, ... another ao 
is of the inverted type and @ large mechanical stage with . 
tien of metals, ores, min- stage plate. M t f 
erals, etc. Wf includes many @ calibrated polarizing appara- as erpiece 0 
of the features of the Mode! tus. 


U-tt Metallograph which @ coated optics | 
ere connected with visual ivi ‘ with ob- t t t 
observation of opaque speci- ° joctives SK. 10%. 40X. V00X rea men a a: 
mens. 26-1500X. oll, 

transformer built inte micro- - Seer eres, PER Micrometer 


scope base, 10x. Write today to 00 
vertical iMuminator with iris COMPLETE onl ’ 
diaphragm. tcp Qaston "$319. headquarters! host 
coarse and fine focusing. your check and this $ 
UNITRON Metallurgical Microscopes are chosen by leading firms such as Union Carbide and reat book will be on 
Carbon, Goodyear Atomic, General Motors, American Smelting and Refining, C8S-Hytron, 
Sperry Products, Raytheon, Arthur D. Littie Corn Products Refining, Sprague Electric, etc. hese 


nies are particularly well equipped to appreciate precision workmanship, valve, and 
quellty. Why not find out more about these fine instruments. 


Free 10-day trial offer— The UNITRON Microscope Catalog 


. 
We invite you to try any UNITRON Microscope is yours for the asking! American 


in your own laboratory for 10 days at absolutely This colorful illustrated catalog gives complete 
no Cont or obligation. Verify tts fine optical and epreifvations om all of the instrumwats brieiy de 


scribed on this page as well as others which we ° 
mechanical performance. Let the Instrument prove know you will find of interest oce y or e a Ss 
its value to vou before you decide to purchase Write for your free copy to Dep't, M-4. 
7301 Euclid Avenue 


United Secentifie Co. 70%-° Mik st Cleveland 3, Ohio 


Boston 9, Mass. 


its way to you! 
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NOW AVAILABLE IN 
CLOTH-BOUND EDITION 


Metals Handbook 
New 1954 Supplement 


Order now a copy of the 1954 Supplement 
bound in red cloth to match your 1948 
ASM Metals Handbook. The Supplement 
contains recent, authoritative information 
on all these subjects: 


Carbon and Alloy Steels 
Tool Steels 

Stainless Steels 
Heat-Resisting Alloys 
Nodular Cast Iron 
Aluminum 

Copper 

Magnesium 

Titanium 

Engine Metals 

Stress Concentration 
Shot Peening 

Ferrous Castings 
Brazed Joints 

Heat Treating 

Metal Cleaning 

Press Forming 
Machining 

Powder Metallurgy 
Steel Melting 
Nondestructive Inspection 
Metallography 


This handsome 200-page volume contains 
24 articles supplementing the 1948 ASM 
Metals Handbook. Prepared by 22 ASM 
technical committees, it has 326 illustra- 
tions, 155 tables. It makes a worthy ad- 
dition to your technical library, one you'll 
refer to often. 


For complete details of contents, see your 
July 15, 1954, issue of Metal Progress... 
which contains all the articles now being 
offered in this cloth-bound edition. Price 
is $4.00 to ASM members, $5.00 to non- 
members. 


American Society for Metals 
7301 Euclid Avenue, Cleveland 4, Ohio 


Rush me a copy of the cloth-bound 1954 Supplement to 
the ASM Metals Handbook. 


Name 

Company 

Address 

City 

Member of ASM Chapter 


$4.00 enclosed —ASM member Bill me 
$5.00 enclosed — non-member Bill my company 
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Especially if your business has grown from 
modest beginnings to sizable volume, it is 
time to take a fresh look at the economic and 
other possibilities of cold roll forming. 


Refrigerator shells now being made almost exclusively in Yoder Cold The modern cry for streamlined design and 
Roll Forming machines, from flat sheets forming sides and top. 


automation is admirably met by Yoder Cold 
Roll Forming equipment. Things are being 
done today by this process which yesterday 
were not thought possible. Take refrigerator 
cabinets, for example: Nearly all of them are 
now formed in one passage through a Yoder 
machine from a flat sheet which is then trans 
versely bent, as illustrated, to make the top 
and the sides. 


Likewise in autos, buses and railroad coaches, 
roll-formed shapes are extensively used both 
inside and outside, for combination decorative 
and functional mouldings and panels 


Homes, storage and warehouses, industrial, 
retail and wholesale structures are most eco- 
nomically fabricated and erected largely from 


cold roll formed shapes. 
In autos, buses and railroad coaches, cold roll formed mouldings and 


panels serve many purposes, both inside and oat. The above are but a few of the many end uses 
for roll formed sections which are illustrated 
in the Yoder C.R.F. Book—with explanatory 
text on the machines, the art, end uses and 
economics of cold roll forming. A copy is 
yours for the asking. 


THE YODER COMPANY 
5595 Walworth Ave., Cleveland 2, Ohio 








P . . * -ROLL-FORMING and ili hi 

Cold Roll Formed components enter extensively into this Stransteel COLD-RO ° a ye ae Eee 
bome and many other factory-buwilt structures. * GANG SLITTING LINES for Coils and Sheets 

* PIPE and TUBE MILLS —cold forming and welding 
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WHAT'S NEW AT BRISTOL... 


Now... Bristol thermocouples 
with metal-ceramic 
protecting tubes 


Bristol's new metal-ceramic LT-1 protecting tubes 
are the most important advance in thermocouple tech- 
nology in years. 

Combining the thermal conductivity and shock 
resistance of metal with the corrosion and oxidation 
resistance of ceramic materials, the new protecting 
tubes will last far longer than ordinary tubes, give 
you closer control and faster response. 

Here are the advantages of the metal-ceramic LT-1’s 

¢ Resistance to combustion gases at tem- 
peratures up to 3100°F 
Resistance to oxidation in air at tempera- 
tures up to 2200°F 
Retention of strength at high tempera- 
tures — 1800 to 2500°F 
Greatly superior to most ceramics in 
resistance to thermal shock 
Resistance to attack by molten metals and 
furnace slag 
Increased sensitivity — the Y% inch wall 
has a high thermal conductivity 

Get the whole story on Bristol's new tubes. Write 
for Bulletin P1261 today. The Bristol Company, 
106 Bristol Road, Waterbury, Conn. 


BRISTOL 


Points the Way in Human-Engineered Instrumentation 


4 


AUTOMATIC CONTROLLING, RECORDING AND 


TELEMETERING INSTRUMENTS 





New Unicam 


high temperature 
X-RAY 
DIFFRACTION 
CAMERA 


Photographs powder, 
fibre or block specimens 
at 1400°C and higher 


Here is the first x-ray diffraction camera you can 

use for both oscillation and rotation photography 

of mineral specimens whether in powder 

fibre or small block form at closely controlled 

ultra-high temperatures. The camera, based on 

prototypes developed to meet rigid standards of 

the B.S.A. Group Research Center, England 

has been thoroughly proven in diverse research 

and production control applications 

Note these exceptional odvantages 

VERSATILE holds powder, fibre and block specimens 
which may be rotated, oscillated or vertically scanned 

RELIABLE — all temperatures up to 1400°C are constant 
with time, uniform over exposed area and easily 
measured with accuracy 

EFFICIENT COOLING — water cooling drops temperature 
from 1000°C to 100°C in only 31 min cuts 
time lag between photographs 

HIGH VACUUM — efficient seals make it possible to 
support vacuum of 0.01 micron 

FAST EXPOSURE TIME 1% to 2 how exposures for 
fibre specimens, ¥2 to 1% hours for glancing-angle 
photographs on metal or ceramics 

SEPARATE CONTROL UNIT — self-contained contro! 
unit and temperature indicator may be located 
adjacent to camera or remotely 

Write for Technical Bulletin 8. 150 today 


J teo JARRELL-ASH COMPANY 


26 Forwell Street, Newtonville, Mass 


Oetrot ! Cerrite, Catt as Angeles (Ovarie 
Seles OMlees: | s490 Capitol Awe 1344 Oevenshire Or A ty mas <4 fe 
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= ELGILOY 


t backe 


PERECO J 
Inverted Pit Type Furnace | e fan 


Typical of Pereco’s wide range line this Model 
Poa is an jally versatile, wide temperature 
range (up to 2500" ) electric laboratory furnace 
Chamber size is 9 w. x 9 1. x 10” d. and has 
4 silicon-carbide elements on each side. Door is 
operated manually by chain lift. Arch plug can 
be provided for exhausting and rapid eseting 
Furnished complete with transformer, 36-tap switc 

ammeter and magnetic contactor Temperature 
comrols as required. 


PERENY EQUIPMENT CO. 


Dept. 9, 893 Chambers Rd., Columbus 12, Obie 
Export Office: Bessemer Bidg., Pittsburgh 22, Pa. 


er prody a by 


ELGIN avality 


ABRASIVES DIVISION, DEPT. V 


WATCH COMPANY 


EREN 
LOWPMENT TIONAL hee 











ANNOUNCING... 


RENTAL SERVICE FOR 
MATIONAL BUREAU OF STANDARDS CERTIFIED 


MOREHOUSE PROVING RINGS 








@ Many different capacities in both 
types available. 


@ Complete kit, 
blocks, 
certifying testing machine, sheets for 


including bearing 


instructions, certificates for 


Compression Type 
Proving Ring 


Thee Write for your copy of 


eb 


— ee 


Tension and Compression 
Type Proving Ring 
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@ All rental proving rings recali- 
brated and certified by the National 
Bureau of Standards annually. 


Your inquiries ore invited 


Notional Bureau of Standards 
Cirevlar C-454 which completely 
describes ond illustrates Certified 


Proving Rings. 


MACHINE 
233 W. MARKET ST. 


recording calibration data, even a 
pencil, etc., with each proving ring 
rental order. 


Morehouse 


COMPANY 
YORK, PA. 





lssues 


Published by Eclipse Fuel Engineering Compony _ 
Rockford, Wlinois 


Eclipse 


How to save time and heat-treating costs 


Eclipse Pressed Steel Pots are gaining acceptance everywhere because 
| 


they combine low cost, faster heating and totally dependable operation 
Formed from “‘heart-of-the-ingot’’ stecl, these low cost pots are not 
subject to grain growth at red heat 
weld spots that fail unexpectedly 


available to give you 


arc free from hidden defects and 
Special **Metalized 
maximum protection against heat oxidation and 
aling at high temperatures and greatly extend service life 


pots also are 


80 standard sizes available for i 





diate «ahi 
Pp 


t from stock! 


Your inventory problems are over when you use Eclipse Pressed Steel 


Pots! Eclipse offers you immediate shipment from its warehouse stocks 
of practically any standard size and shape. So climinate maintenance 
risks and benefit profit-wise by using predictable pressed sree! 


and Eclipse’s faster service! Write for Bulletin N-1 


ECLIPSE FUEL ENGINEERING CO., 1127 Bechsnss $1, Rocktord, 
ECLIPSE FUEL ENGINEERING CO. of CAWADA, Lid, Torents, Ontarie 





ADVANCE IN HARDNESS 
TESTING with the NEW 
LEITZ MICRO HARDNESS TESTER 


Even the most delicate and highly finished perts of tools may be tested 
for herdness WITHOUT DAMAGING or DEFORMING THE FINEST 
FINISH 


The diamond impressions [invisible to the neked eye) ere produced with 

loads of only 15 to 300 grams 
The pyremid (or optionally rhombic} 
shaped impressions ere measured by 
meens of @ 400-power microscope 
with reticule graduated to 0005 mm. 
Microscope objective 400x, indente- 
tor os well as an 
extra 100x locat- 
ing objective are 
mounted on @ com 
mon revolving tur- 
ret for quick in 
desing on the inv 
pression 
The LEITZ MICRO 
HARDNESS TESTER 
opens up « NEW FIELD of 
Herdness Testing for every shop 
where other methods prove too 
costly or unsuitable. 
A reasonable price — simple 
operation, meke the LEITZ 
TESTER essential equipment 
for any shop 

Write for ovr explicit 13-page Booklet — Code GLOLD 


Geo. SCHERR OPTICAL TOOLS, Inc. 


200-PG, LAFAYETTE STREET © NEW YORK 12, N.Y. 











PEERLESS 


STORER 


DETECTS and CORRECTS 


THERMOCOUPLE CIRCUIT 
FAILURE instantly 








Gives you 


PUSH BUTTON MAINTENANCE 


@ Cut maintenance and replacement cost of thermo 
couples in your heat-treating and melting furnaces 
Repair circuit faults DURING critical heats from your 
instrument control board 

The Peerless Restorer renews loose, oily or dirty 
thermocouple circuit connections and refuses broken 
thermocouple tips, faults common to even modern elec 
tronic pyrometers. This insures true pyrometer reading 
and closer heat control. Automatic Restorer models 
repeatedly check your furnace couples to prevent 
ruined heats and re-heat treating. 

One Restorer checks many thermocouples on many of 
your furnaces. 


® 


j 


~~ ELECTRONICS DIVISION 


THE PEERLESS ELECTRIC COMPANY 
FANS + BLOWERS + MOTORS + ELECTRONIC EQUIPMENT 
W. MARKET ST. + WARREN, OHIO 
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LEITZ INSTRUMENTS 
FOR THE 
INDUSTRIAL LABORATORY 


4. Leitz Dilatometer. 
Designed for differential and 
absolute measurement of the 
expansion of metals and alloys 
Photographically records 
expansion curves. 


m. Leitz KPM Coal 
Petrography Microscope. 

For the study of opaque 
material in polarized reflected 
light with special accessories 
for coal petrography. 


a. Leitz Durimet. 

Micro Hardness Tester designed 
for Vickers, Knoop and 

scratch hardness tests. Easy, 
quick and accurate operation. 
Load 15-500 grams. 


4. Leitz Metallux. For grain 
size determinations and 

for the study of the character 
and type of inclusions of 
metals, ores, etc. 


a. Lerrd, inc. 


Distributor af the world famous products 
of Bernat Leite, Wetelar, Germany 





Leica cameras 
lenses 








AGF 


Oven 
Furnaces 





Engineered to withstand severe and continuous 
service in the tool room or the production heat 
treating department. 

Operational advantages include — Atmosphere 
Control — Excellent Uniformity of Temperature 
Economical Operation and Quick Heating-Up 

Construction features include—Down Draft Con- 
struction — Numerous Alloy Burners— High Effii- 
ciency Lining—-AGF simplified proportional mixing 
system. 

Operating temperature ranges from 600° F to 


Write today for Bulletin 215 
American Gas Furnace Co 


4 





BARBER 


Hig) |mpressor 


for quick, on-the-spot hardness testing 
of non-ferrous metals and plastics 


" 





Simple to operate . . . gives an instant, dependable meas- 


ure of hardness. Operates on principle of forcing a 
= & » ORG Dept. MP spring-loaded indenter into the surface with the amount 
468 Fourth Avenue, New York 16, N. ¥ 


Please send me your brochure on the of penetration registering on a dial indicator. Can be 


Name used in any position... tamperproof . .- compact... rugged, 


Company yet weighs only 12 oz. Thousands used by industry. 


Street Write today for complete details. 


' 
i 
j 
I 
! 
! 
! 
! 
' 
' 
i 
L 


City ’ 
iene dada — - . -- - . BARBER-COLMAN COMPANY, Dept. O, 1218 Rock St., ROCKFORD, Illinois 
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engineered and installed 


Here is one of the outstanding 
heat-treat furnace installations 
blueprinted by Carl Mayer to fit a given requirement. 


This recirculating, gas-fired, car bottom type at the 
Golden Foundry Co., Columbus, Ind., was engineered 
to meet a high temperature range requirement. It 
has proven an asset to the production of cast iron 

Write for bulletin HT-53. Over 30 


engine blocks. 
years’ experience. 


-carl mayer- 


3030 EUCLID AVENUE * CLEVELAND 15, OHIO 
OTHER PRODUCTS: Core & Mold Ovens © Rod Bakers © Paint & Ceramic 
Drying Ovens ® Special Processing Equipment & Accessories 





HE KING 
PORTABLE 
Brinell 
HARDNESS TESTER 


Offers You More Ovt- 
standing Advantages Than 
Any Other Hardness Tester 


The King PORTABLE Brinell 
Hardness Tester is an important 
member to add to your produc- 
tion team because it saves han- 
dling and set up time and per- 
mits fast, accurate readings. In 
addition, this versatile unit: 
|. is qvoranteed to make Brinell 
“tests of the greotest accuracy 
2, con be token to the work or 
“used os a bench tester 
3, Puts @ lood of 3000 kg. on o 
* 10 mm ball—other loads as re- 
quired 
+ can test materials in any posi 
‘tion almost anywhere — even 
small cramped spaces 
has a removable test head to 
test parts of ony size 
eliminotes test bors — there's 
‘only one impression to reed 
7 is especially odapted for test 
“ing immovable ports and parts 
in assembled machines 
Ask for the folder illustrating and 
describing other advantages of 
this widely used precision tester. 


Weight is only 26 ib. with the base 
10 tb. without the base 


* 





on 





The King Portable can be used in 
any position even upside down. 


y i TITUS cenciinsmensiive. 








How Pittsburgh 
knotted brush 
construction provides 


e Better Balance ¢ Uniform wear 
e Better cleaning 
e Longer equipment life 


Because of their construction, Pittsburgh “Lightning” 
knotted sections have exactly the same number of wires 
in every knot. Asa result, you get a brush with perfect 
balance—one that will wear uniformly and cause less 
bearing—destroying vibration in the machine that 
drives it! 


What's more, the special type of wire used in these 
knots is the fastest cutting, with the longest life, that 
can be produced. Built for the toughest applications, 
“Lightning” brushes are perfect for cleaning welds, 
removing scale or rubber, or cleaning parts where 
penetration brushing is needed. 


This is just one example of superior Pittsburgh 
construction, engineered for both general 
and specific applications. For details of the / 
complete line, write for free Catalog No. 
54-W. Address: PrTTspURGH PLATE GLASS 
Co., Brush Division, Dept. ¥-5, 4221 
Frederick Ave., Baltimore 29, Maryland. 


PITTSBURGH 


BRUSHES « PAINTE ¢ GLAGE + CHEMICALS « PLAGTIC® ¢ F1GE8 GL4Ge 


PITTSBURGH PLATE 


— 


GLASS COMPANY 
IN CANADA; CANADIAN PITTSBURGH INDUSTRIES LIMITED 
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EF combination eas fred radiant tube and electrically heated retier hearth 
jaree capacity furnace fer sintering metal powder parts at temperatures uo 
to 2050" Ff 


intering Furnaces 


For Ferrous and Non-Ferrous Powder Products 
Provide for— 


@ lowest cost per pound for the sintering operation. 
@ maximum uniformity of size for the sintered products. 


@® maximum pounds of quality product per dollar of investment 


We have built many sizes and types of furnaces for process- With our extensive experience and complete manufacturing 
ing a wide variety of ferrous and non-ferrous metal powder facilities we are in position to build the size and type of 
products—also continuous equipment for bonding metal equipment to fit your specific requirements 


powde rs to strip and for other processes. 
We would like to discuss some of our latest furnace develop- 


ments with you, if interested 


Long experience with special atmospheres, metal powders THE ELECTRIC FURNACE COMPANY 
and all heat processing phases in connection with powder ty, Ohio 

metallurgy has enabled EF engineers to develop and install Gas Fired, Oil Fired and Electric Furnaces 
equipment for producing some rather outstanding results —For Any Process, Product or Production. 


EF gas fred mule type continuous furnace, one of sev- Completed sintered parts are discharged—continvousty— This tyee evelleble for variows treatments incteding sin 
eral types we build for sintering sen-ferrous and iren uniform in size, Gnich and treatment-—reaquiring oo ma tering metal powder products brazing and ether erecesses 
powder products at temperatures wp te 2060" F chining or further processing at temperatures ap te 2050" F 





4140 LEADED 
These chips taken from a single point 
turning on a turret lathe are visible 
proof of the better chip formation 


and superior machining qualities of 
leaded Aristoloy. 


@ It’s a good bet you can cut machining costs by specifying 
leaded Aristoloy or Ledloy* in your plant. The addition of lead 
to steel acts as a lubricant and substantially reduces friction 
between chip and tool. This permits higher machining speeds 
and faster feeds. Tools last longer and the finished part has a 
finer, smoother finish The results of our own testing and the 
experience of dozens of enthusiastic users also indicate that 
the lead addition which works this dramatic miracle in no way 
affects basic steel characteristics. Heat treating, tensile strength 
ductility, and impact strength are unchanged. Neither does 
the lead present a health hazard for normal forging or machin- 
ing operations 


SEND FOR FREE CATALOG 
lf you would like specific informa 
tion about application of lead steel 
to your product get in touch with 
your nearest Copperweld ofhce or 


write us today 


O 


Writer: COPPERWELD STEEL COMPANY 


STEELS STEEL DIVISION »* WARREN, OHIO 


For export —Copperweld Steel international Company, 117 Liberty $t., New York 


4140 UNLEADED 
Under the same conditions single 
point turning of unleaded 4140 on a 
turret lathe produced these long con- 
tinuous chips. 


DISTRICT OFFICES 


P. O. Box 1633 
Tulsa, Oklahoma 
315 Hollenbeck Street 
Rochester, New York 
117 Liberty Street 
New York, New York 
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Terente, Ontario, Canada 
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Sen Francisco 5, Calif. 
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Los Angeles 15, Calif 
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1578 Union Commerce Bidg. 
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Chicage, Minois 
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Buffalo, New York 
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Detroit, Michigan 
143 Washington Avenve 
Albany, New York 
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Philadelphia 40, Penna. 
625 James Street 
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Seattle, Washington 





